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A HUMAN EMBRYO WITH HEAD-PROCESS 
AND COMMENCING ARCHENTERIC CANAL 


By THE LATE Proressorn PETER THOMPSON, M.D., 
University of Birmingham; Fellow of King’s College, London, 
AND JAMES C. BRASH, M.A., M.D., B.Sc., 
Professor of Anatomy, University of Birmingham}, 


"Towanps the end of the third or beginning of the fourth week, and immediately 
preceding the formation of the neural groove, the human embryo passes through 
a phase of development characterised by the presence of certain axial structures, 
viz. the primitive streak, a head-process canalised by a rudimentary archenteric 
canal, and the protochordal plate. Even to-day but few examples of this 
stage are on record, and Grosser, who has published an interesting account of 
a young human ovum which showed these structures with great clearness, 
claims that previous to 1918—the date of his own publication—a similar stage 
of development in man had not previously been recorded. In 1918 Ingalls 
published an account of a human embryo, somewhat less advanced in develop- 
ment, but strikingly like the preceding in all the essentials. A third example 
was recorded by Strahl in 1916, but up to the present? the publication does 
not appear to have reached this country. Ingalls refers to it very briefly, and 
states that it shows a very similar stage of development, and adds that no data 
are given as to the age of the specimen. 

The present paper is a further contribution to the subject, and, as far as can 
be ascertained, these four specimens comprise the material which illustrates a S 
phase of development in the human embryo which falls somewhere between 
that represented by the ova of Fetzer, von Herff and Beneke on the one hand, 
and that represented by the ova of Frassi and Eternod and Graf Spee’s Gle 
on the other. Estimating the age from the stage of development, Grosser gives 
18 days, which is perhaps not far out. This archenteric stage, if such a term 
may be used for convenience, appears to be quite a transient one, and this may 
account for the small number of specimens which up to the present have been 
described. 

The stage appears to correspond very closely with that which Wilson and 
Hill have described in their well-known work on monotreme development as 
the “‘post-gastrular stage.” They point out that this stage “includes the de- 

1 The clinical history of this embryo was detailed by the late Professor Thompson in his 
Ingleby Lecture before the University of Birmingham, in October, 1918. The first part of this 
paper, including the “General description of the Ovum,” he left in MS., and it represents all that 


he was able to complete for publication before his lamented death.—J. C. B. 
K: 2 This was written in 1920.—J. C. B. 
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velopment, from the primitive knot, of the so-called ‘head-process’ together 
with various other phenomena associated with this, either causally or con- 
temporaneously. This phase of development is deserving of special recogni- 
tion,” they say, “‘as constituting a new era, for, with its onset, the process of 
‘notogenesis’ is initiated, and the proper axis of the future embryo (Minot’s 
‘primitive axis’) is laid down.”’ A full description of the axial structures in 
our embryo will be given at a later stage. In the first place it will be more 
convenient to set forth the details of the clinical history, which have been 
obtained with great care and are practically complete. 


CLINICAL HISTORY, Etc. 


The ovum was removed from the uterus of a married lady by Mr Beckwith 
Whitehouse, F.R.C.S., on account of the serious condition of the patient’s 
health. It came into my hands on the following day, intact, and enclosed 
within a capsule of decidua. The following notes taken by Mr Whitehouse 
accompanied the specimen. 

The patient, Mrs X, was seen in consultation on December 3rd, 1917. She 
was of a neurotic and highly sensitive disposition, and had suffered from 
nephroptosis, for which she had consulted a surgeon a short time previously 
with a view to an operation for its relief. Pregnancy, however, had super- 
vened, and this fact, together with the knowledge of the pending operation, 
produced an exacerbation of the mental symptoms, and suicidal tendencies 
were exhibited. After full consultation it was decided to explore the cavity 
of the uterus and terminate pregnancy if such really existed. 

The catamenial history had previously been quite regular—menstrual 
cycle 28 days. The last period began on October 25, 1917, and ended on 
November 1. No menstrual period occurred as expected on November 22. 
The husband, who had been away from home, returned on November 2, and 
coitus took place on the evening of November 6. Mr X left Birmingham on 
the morning of November 7, and no further coitus occurred. (The coitus 
previous to that of the evening of November 6 took place some time before 
October 23, the day on which the husband left on a business journey for South 
Wales, but how long before is uncertain. That no coitus took place between 
these two dates, i.e. October 23 and November 6, forces us to the conclusion 
that a previous cohabitation may be definitely rejected as a possible factor in 
the case.) 

Three days later, ie. on November 9, the patient complained of pains in 
the breast, and thought that she was pregnant. 

On December 3, upon examination under an anaesthetic, the body of the 
uterus was found to be somewhat globular in shape and very slightly enlarged. 
No softening of the cervix or other sign of pregnancy was present. However, 
taking into consideration the very slight increase in size of the organ, it was 
thought that a pregnancy might be present, and the uterine cavity was explored 
at 4.30 p.m. 
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The cervix was dilated by means of Hegar’s dilators, and a blunt curette 
was introduced into the cavity of the organ.. Presupposing that the ovum was 
situated either at the fundus or on the posterior wall, curettage of this area 
was performed first. A small ovum was removed intact from the posterior 
wall and placed immediately in a 10 per cent. solution of formalin. No chori- 
onic villi were observed, and the ovum appeared as a small dise-shaped vesicle 
about half an inch in its greatest diameter. A small quantity of decidual 
tissue was also removed by means of the curette from the anterior and lateral 
walls of the uterus. The cavity of the organ was then packed with gauze. 

From a perusal of the medical history given above, and from data supplied 
to Mr Whitehouse and myself by the patient and her husband, both of whom 
realised the importance of exact statement, it seems certain that fertilisation 
must have taken place after and was presumably effected by coitus on the 
night November 6-7, 1917. It should be stated that the husband of Mrs X is 
a well-educated man occupying a professional position in the commercial life 
of Birmingham, and the history detailed above can, in my judgment, be im- 
plicitly relied upon, 


THE AGE OF THE SPECIMEN 


Before entering upon a description of the embryo and its adnexa, some- 
thing must be said regarding that most difficult problem, the age of the 
specimen. In our case we are in the fortunate position of knowing most of the 
essential facts, and yet the difficulties of arriving at a trustworthy conclusion 
within narrow limits are practically insuperable. Without a knowledge of 
such essential facts, the estimation of age is mere guesswork; with them we 
shall at least be able to arrive at an approximate estimate. 

Moreover, from the standpoint of the history of the case, it is difficult to 
see how, under the circumstances, any additional or more reliable data could 
have been obtained, which would enable us to calculate the age with complete 
confidence. The really vital unknown factor is the day of the menstrual cycle 
on which the ovum was set free, and the absence of this knowledge is the 
barrier which hinders us in working out the problem with any degree of 
exactness, 

The ovum was obtained thirty-nine days from the beginning of the last 
period, thirty-two days from the end of the period, eleven days from the 
omitted period, and twenty-seven (nearly) complete days after cohabitation. 
Assuming that an ovum was awaiting fertilisation, and allowing twenty-four 
hours for its occurrence, the absolute maximum time occupied by develop- 
ment was twenty-five or twenty-six days. 

The fertilising coitus took place on the thirteenth day of the menstrual 
cycle, and sixteen days before the next expected but missed period. These 
days may well have been taken up by fertilisation, time consumed in travelling 
down the tube, the inhibition of menstruation, and the early stages of imbed- 
ding. In that case the ovum would reach the mucous membrane of the uterus 
1—2 
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towards the end of the menstrual cycle, that is to say, at a period well adapted 
to its nutritional requirements. 

This leaves about twelve days from the time of the imbedding of the ovum 
to the termination of pregnancy by operation on December 3. Bryce and 
Teacher allowed seven days after implantation for the further growth and 
development of the young ovum described by them in 1908, and considering 
that our ovum is much more advanced in development, the additional five 
days seems a reasonable allowance. 

But are the assumptions which we have had to make regarding ovulation 
and fertilisation justified in the present case? Certain considerations, which 
must next be advanced, seem to show that they are not, and that a period of 
six or seven days must be deducted if, on the ground of the degree of develop- 
ment, we assign our ovum to its appropriate place in the third week of the 
chronological tables of young ova compiled by Bryce and Teacher, Keibel and 
Mall, and Grosser. For, as everyone admits, it is necessary, in attempting to 
ascertain the age of a young ovum, to consider factors other than those avail- 
able in the obstetrical history of the case, and particularly the stage of develop- 
ment reached. Age and stage of development by no means always run parallel. 
For example, Keibel found in the pig differences which he regarded as equal 
to twenty-four to forty-eight hours’ growth at such an early date as the 
fourteenth day of pregnancy. Nevertheless, any marked discrepancy between 
the stage of development and the estimated age demands careful scrutiny. 

Now the stage of development in the ovum under discussion approximates 
to that found in the ova of Grosser and Ingalls, both of which have been esti- 
mated to be eighteen or nineteen days old, and is undoubtedly earlier than 
that shown by the ova of Frassi, Eternod, Delporte and Graf Spee’s Gle, all 
of which have been placed at the end of the third week (nineteen to twenty- 
one days). True, amongst the six cases just noted, two only (Eternod’s and 
Delporte’s) have a clinical history comparable as regards fullness of detail 
with our specimen, but if, on the ground of the clinical history, it be main- 
tained that ours is about a week older than the stage of development suggests, 
then a place in the fourth week in the chronological tables mentioned above, 
in company with His’s Lg. and BB., would be incongruous. 

Further, if the age of our ovum be estimated at eighteen to nineteen days 
on the ground of anatomical findings, then fertilisation occurred on the 
twentieth to the twenty-second day of the previous menstrual month. Such 
a date would harmonise with the observations of Frankel on ovulation, which, 
based on one hundred and thirty-three laparotomies, go to show that ovulation 
occurs in the second half of the intermenstrual period, i.e. between the eleven 
to twenty-six days from the beginning of the last menstrual period, with an 
average of eighteen or nineteen days. In other words, ovulation would have 
occurred about one week after the fertilising coitus of November 6. 

This would call for a sojourn of the spermatozoa in the Fallopian Tube of 
at least a week, a period during which it is reasonable to suppose they can 
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retain their fertilising power. Triepel has adopted a method of estimating the 
age of embryos based on the work of Frankel, which consists of subtracting 
eighteen from the number of days reckoned from the beginning of the last 
period to the day when the ovum is obtained from the uterus. In our case, 
39 — 18 = 21 days, which is quite a good result. 

It will now be advantageous if we place here for purpose of comparison 
the essential points in the histories of the three ova most closely related to 
our own: 

Frassi’s ovum. This ovum was obtained at an operation for total extirpation 
of the uterus on account of persistent menorrhagia due to metritis, forty-two 
days from the beginning of the last menstruation. Triepel estimates the age as 
42 — 18 = 24 days; Bryce and Teacher estimate the age to be eighteen or 
nineteen days; Frassi himself describes it as being less than ten days, whilst 
the age reckoned on the basis of the stage of development is nineteen days. 
Such a result is a striking commentary on the danger of trying te narrow down 
too sharply the age of very young ova. 

INGALL’s ovum. This ovum was obtained thirty-four days from the begin- 
ning of the last menstrual period, as an abortion. Intercourse took place four- 
teen days previous to the abortion, and (doubtfully) also two weeks further 
back. Triepel’s method would give an age of about sixteen days, whilst the 
age on the basis of development would be nineteen days. Ingalls himself 
estimates the age at seventeen or eighteen days, but he states that he could 
not bring himself to look upon this figure with any degree of confidence. 

GrossEr’s ovum (KL. 18). This ovum is younger than that of Frassi, and 
according to Triepel’s method the age works out at eighteen or nineteen days. 
It was obtained as an abortion from a healthy uterus after an operation for 
removal of an ovarian cyst, thirty-seven days from the beginning of the last 
menstrual period. Owing to the irregularity of the menstrual cycle in this 
case, any estimate of age based on Triepel’s method is likely to be misleading. 

Therefore, from a perusal of these cases and others, one comes to the con- 
clusion that the estimation of the age of young ova, now assigned to the third 
week, is a matter of approximation only, and it may be that in the future the 
age of some of them may have to be raised several days. For the present we 
must not be dogmatic. We shall go further and do more good if we strongly 
emphasise the approximate nature of our results. The problem under con- 
sideration is not one which can be solved with mathematical exactness, or by 
experiment, or by presentation of the unbroken chain of connected evidence. 

To sum up, the main points in connection with the age of our ovum are: 

(1) The stage of development, which would indicate an age of eighteen or 
nineteen days. This estimate must be very uncertain on account of the 
variability of time taken in travelling down the tube. According to Grosser, 
the error may, in extreme cases, be as much as four or five days. 

(2) The obstetrical history, which gives a maximum time of development 
of twenty-five or twenty-six days. If, however, an interval of some days 
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occurred between insemination and ovulation, then this figure is correspond- 
ingly reduced, and (1) and (2) are brought more into harmony. 

(3) A slow journey down the tube, which might add several days to an 
ovum apparently eighteen or nineteen days old. So that if insemination and 
ovulation coincided and fertilisation took place forthwith, the ovum may be 
the maximum age, viz. twenty-five or twenty-six days. In this connection it 
may be pointed out that Grosser estimates the tube journey to be fourteen 
days at least under normal conditions, and at other times perhaps twenty days. 

Between a probable minimum age of eighteen or nineteen days and a maxi- 
mum age of twenty-five or twenty-six days is a period of seven days—an 
interval of uncertainty. For the present, therefore, we must assign the ovum 
to the end of the third or to the early part of the fourth week of development. 


GENERAL DESCRIPTION OF THE OVUM 


The specimen lay in 10 per cent. formol for two days, and was then trans- 
ferred to 60 per cent. alcohol, then 70 per cent. and then 80 per cent., when it 
seemed to be in’a satisfactory condition for examination. 

The ovum was enclosed in an envelope of decidua on which no scar could 
be detected. In shape it was rounded, flattened and lenticular (not unlike an 
ordinary tabloid, but not quite so flattened), and it measured 13 x 11 x 8 mm. 
On dissecting away the outer capsule of decidua, which separated quite easily, 
the chorionic vesicle with well-marked villi was exposed. When completely 
separated the vesicle measured 10 x 7-5 x 4mm., so that the decidual capsule 
was from 1-5 to 2mm. in thickness. On opening the vesicle, which was filled 
with a light-greyish mucin-like substance—the magma reticulare—a very 
small elongated papilla, attached by one extremity only, was found, the rest 
of the papilla projecting into the cavity of the ovum and connected by strands 
to the magma. The projection measured in spirit and before imbedding in 
paraffin about 2 mm. in length and about 1 mm. in breadth at its widest part. 
It must be pointed out that these measurements are probably too great, since 
one dare not touch the specimen with the dividers in case it should suffer 
some damage. Much time was spent in trying to obtain a photograph without 
any satisfactory result, and finally a freehand drawing was made with the 
assistance of the stereoscopic dissecting microscope at a magnification of 
15 diameters (fig. 1). By these means the amnion, yolk-sac and body-stalk 
were brought clearly into view, together with the prominent caudal projection 
of the embryo-anlage, all these points being fully confirmed by subsequent 
examination of the serial sections. The drawing shows in addition the charac- 
teristic elevations or knobs on the yolk-sac, representing the angioblast, some 
villi (which measured 1 to 1-5 mm. in length) projecting from the outer surface 
of the chorion, and some maternal blood, also on the outer surface of the 
chorion and visible through the thin chorionic layer. 

The projection with a small piece of the chorion to which it was attached 
was stained in bulk, borax-carmine being used. It was cut by Professor Carlier, 
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to whom I am much indebted for the trouble he has taken to obtain a good 
series of sections. Though not coming up to ideal requirements (some of the 
sections are broken owing to somewhat imperfect preservation), I was able 
to make a reconstruction in wax which turned out to be exceedingly useful 
as a means of interpreting certain obscure grooves on the embryo-anlage, 
and for settling beyond doubt the line of the axial structures. The bulk of 





Fig. 1. The “Embryonic Papilla” attached by the body-stalk to the chorion. From a freehand 
drawing by Mrs P. Thompson. x about 40. 


the sections are quite satisfactory for study, and this is indeed fortunate, 
seeing that the combination of circumstances, which brings such a rare speci- 
men, with a really good history, into the hands of an investigator, occurs so 
seldom, Altogether, reckoning from the cranial end of the embryonic shield 
to the blind end of the allantois, there are eighty-five sections. As the sections 
were each 10 microns thick, this gives a length of the shield plus allantois of 
*85 mm. From the cranial end of the yolk-sac to the attachment of the body- 
stalk to the chorion, the length estimated for the number of sections is 1-12 mm, 


THE EMBRYO AND ADNEXA 


The embryonic vesicle is similar in general form to that of Graf Spee’s 
well-known Glaevecke ovum: the main features are shown in the drawing in 
fig. 1 already described and in the diagrammatic figs. 2 and 8, The embryonic 
shield, though it is a good deal broader in proportion to its length, more nearly 
resembles that of the Frassi ovum; but there is no neurenteric canal and the 
irregular ridges which are present do not appear to bound a neural groove. 
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There is a well-defined caudal projection or tail-fold and a less well-defined 
head-fold. The shield is -68 mm. in length measured from the cranial reflection 
of the amnion to the caudal projection, and the estimated length including 
the caudal fold is nearly -9 mm. The greatest breadth, which is found a little 
in front of the middle of the shield, is also about ‘9 mm. In association with 
the ill-defined head-fold there is apparent evidence of the commencing forma- 





Fig. 2. Diagrammatic reconstruction of the embryonic shield, etc., to show the relation of the 
primitive streak, the median elevation and the two lateral grooves. The position of the head- 
process is indicated by a stippled band extending forward from the cranial end of the primitive 
streak beneath the median elevation. The relation of the amnion and the allantois to the 
body-stalk is also indicated. Drawn to scale, x about 80. 


tion of a foregut, cut separately from the yolk-sac in five sections; but, as there 
is in this region some distortion of the vesicle with collapse and infolding of 
the amnion and yolk-sac, it remains doubtful whether the foregut appear- 
ance is to be attributed to these causes. 

The irregular ridges which are present on the shield, somewhat similar to 
the ridges on the shield of the embryo about the same stage of development 
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described by Ingalls, have provided rather a difficult problem; their relation 
to the axis of the embryo is not at first sight obvious. It was to elucidate this 
point that Professor Thomson made the reconstruction to which he refers. I 
know that he did not look upon the resulting model as completely satisfactory, 
and there is no doubt that it cannot be taken as an exact representation of the 
original. This is due to the absence of guide lines, a serious handicap when it 
is realised that the sections are oblique to both the median plane and to the 
surface of the shield; in addition there is evident distortion of a number of 
the sections. The model itself is unfinished, and as it was never intended to 











Fig. 3. Diagrammatie median sagittal section; the head-process, etc., as in fig. 2. Drawn to 
scale, x about 80. 


be more than an incidental help in interpretation of the appearances of the 
sections and an aid in settling the question of the middle line, I do not feel 
justified in reproducing it. I prefer to use it, as was Professor Thompson’s 
intention, along with a close study of the sections themselves, in order to 
reconstruct diagrammatic representations of the surface of the shield and of 
an ideal median sagittal section of the ovum. 


THE SURFACE OF THE SHIELD 


The reconstruction of the surface of the shield is given in fig. 2, which is 
drawn carefully to scale. In general shape the dorsal aspect of the shield is 
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oval with its long axis transverse to the long axis of the embryo. The cranial 
end of the shield is represented by one side of the oval and is bent slightly 
downwards: the caudal end of the shield appears as a narrowing prolongation 
of the other side of the oval; it is markedly bent downwards and the projection 
thus formed is indented in the middle line by the primitive groove. The groove 
becomes shallower as it is traced forwards to end, a little less than one-third 
of the distance from the caudal projection to the cranial end of the shield, at 
the point where the median elevation and the right depression next to be 
described commence. The whole length of the primitive groove is estimated 
to be -38 mm. 

Immediately in front of the anterior end of the groove there commences 
a median elevation of the shield in the position usually assigned to Hensen’s 
knot. This elevation, accentuated by the obliquity of the sections and in 
addition rendered very prominent by the presence on each side of a depression 
or groove, extends forwards on the shield for a distance a little greater than 
that occupied by the primitive groove, and reaches therefore about the junction 
of the anterior and middle thirds of the shield. On each side of the median 
elevation is a groove, narrow behind but broadening in front; these grooves 
are about the same length. The left commences at the middle of the median 
elevation, extends forwards and to the left and fades away in the cranial half 
of the shield without quite reaching its edge. The right begins at the hinder 
end of the median ridge, where it forms a deep depression immediately to the 
right of the anterior end of the primitive groove, and extends to the lateral 
edge of the shield about its middle. The interpretation of these ridges depends 
upon a study of the axial structures in section. 


THE AXIAL STRUCTURES 


Fig. 4 is from a section a little in front of the middle of the cranial half of 
the shield. It demonstrates the general structure of the shield and shows that 
the ectoderm and the entoderm are in this region separated by a small amount 
of (primary?) mesoderm. There is here no indication of a neural groove. The 
sections in this region are believed to be practically vertical to the surface of 
the shield, as is evidenced by the single layer of nuclei in the entoderm and the 
amniotic ectoderm. The embryonic ectoderm, on the other hand, shows a 
stratification of its nuclei, two and in some places three deep, and, as the three- 
layered nuclei are mostly confined to an area on each side of the middle line, 
it is possible that we see here the commencing formation of the neural plate. 
Close to the entoderm in the middle line are to be seen a few mesoderm-like 
cells in the position where the head-process is situated further back. These 
cells, however, do not constitute a forward continuation of the head-process 
as the same region of the entoderm is a continuous single layer both in front 
of and behind this particular section. It is to be noted that there is in fact no 
evidence in the cranial part of the shield of a “completion plate” continuing 
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the line of the head-process forward. We pass now to the caudal end of the 
shield. 

Fig. 5 is taken from a section a little in front of the middle of that part of 
the primitive streak which appears on the dorsal aspect of the shield, i.e. in 
front of the caudal bend. Here is to be observed the continuity of the three 











Fig. 5. Transverse section of the primitive streak region in front of the caudal bend; description 
in the text. x 385. 


layers, but there is by no means complete fusion. The entoderm is somewhat 
damaged on the left, but it passes as a continuous thin layer from side to side 
closely united to, though quite distinct from, the mesoderm. The ectoderm, 
which is relatively independent, is thickened in the middle line where the 
nuclei are three and four deep; here also are to be observed the primitive 
groove indenting the surface, and, corresponding to this, a ridge-like depression 
of the ectoderm towards the entoderm. It is from the anterior end of this 
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ridge that the head-process appears to take origin. Behind the region of this 
section the streak becomes progressively thinner until, when a point a little 
beyond the caudal bend is reached, it becomes reduced to a single layer of 
entoderm and ectoderm in apposition in the region of a cloacal membrane. 
The position of the cloacal membrane is indicated in fig. 8, but, owing to the 
great obliquity of the sections to the surface in this region, it is hardly possible 
to determine its exact extent. We now turn to the head-process itself and the 
relation which it presents to the anterior end of the primitive streak. 

Now about the point where the primitive groove, as seen in fig. 5, gives 
place to the median ridge already mentioned and seen in the next section 
figured, i.e. in the position assigned to Hensen’s knot, there is the appearance 
of a downgrowth of a wedge of cells from the ectoderm in direct continuity 
with the ridge beneath the primitive groove. This apparent downgrowth is 
clearly marked four or five sections behind the most anterior showing the 
primitive groove, and is the result of the sectioning of a column of cells which 
is found to continue the line of the primitive streak forwards between the 
ectoderm and the entoderm. Its centre appears at first to be slightly to the 
left of the anterior end of the primitive streak, but as it passes forward it lies 
directly beneath the median ridge of the shield, It is in continuity behind with 
the ectoderm at the anterior end of the streak as stated, and it maintains the 
same relation to the mesoderm as is exhibited by the primitive streak itself. 
Traced forward it begins at once to separate from the ectoderm and is from 
its origin in contact with the entoderm; in the course of eight or nine sections 
it is entirely free from the former and closely united to the latter. 

A section at the most favourable point (figs. 6 and 7) makes clear the general 
relations of the column, which is thus identified as a head-process. The figures 
also show that although there is no distinct lumen present yet the dorsal cells 
are arranged fanwise as if the lumen were about to appear. The section figured 
is situated fifteen sections in front of the origin of the process from the ecto- 
derm of the knot and fourteen sections behind its cranial termination: the 
whole length of the head-process is estimated to be nearly -3 mm. In front of 
the process the simple condition of the entoderm, as seen in fig. 4, appears at 
once, and, as already stated, there is no evidence of the formation of a “‘com- 
pletion plate” continuing the line of the process forward. The thickening of 
the process is merely replaced by (primary?) mesoderm and the entoderm is 
unaffected. These topographical points are summed up in the shield diagram 
of fig. 2 and the schematic sagittal section of fig. 3, where the head-process is 
represented by a stippled band passing forward beneath the median elevation 
of the ectoderm and in continuity with the entoderm. There can be little doubt, 
judging from the absence of a definite canal and the manner in which the pro- 
cess ends in front, that we are dealing with an example of the head-process in 
course of formation, probably just before the appearance of a lumen and the 
breaking down of the ventral floor. There is no sign of perforation towards 
either the ectoderm or the entoderm, so that the stage is without doubt previous 
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Fig. 7. Portion of the preceding, x 300, showing the head-process in detail. 


ment of the cells. The distinction between the ventral simple layer (plaque 
lécithoentérique of van Beneden) and the dorsal clump with its radial arrange- 
ment foreshadowing the canal (plaque notochordale of van Beneden) is indi- 


to that of the notochordal or archenteric canal and a fortiori of the neurenteric 


The more highly magnified view of fig. 7 shows very clearly the arrange- 


Fig. 6. Transverse section at the midpoint of the head-process showing the ridges and grooves on 
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cated both by the actual arrangement of the cells and by the staining reactions. 
These figures (6 and 7) also demonstrate that the line of the head-process 
corresponds to the line of the central elevation of the shield and that this is 
to be considered as indicating the axial line of the embryo. The appearance of 
thickening of the ectoderm along this ridge is probably largely due to the 
obliquity of the sections, which is also the case with the other two ridges 





Fig. 8. The wall of the yolk-sac, near the cranial pole, showing blood-island. x 385. 


previously mentioned. All three ridges must be considered to be due to a 
folding of the surface of the shield, partly due to exuberant growth and partly 
artificial. 
THE AMNION 

The amniotic ectoderm consists of a single layer of flattened cells con- 
tinuous with the peripheral two-celled embryonic ectoderm and backed by 
an equally thin mesodermic covering. The amniotic cavity is a good deal 
distorted in many of the sections, but there is no doubt that there is a greater 
depth of this space at the cranial than at the caudal end of the shield. In 
the region of the caudal bend the amnion appears to be stretched over the 
shield, and as this diminution of the cavity corresponds with the presence of 
the grooves on the shield, the impression that these grooves may be due to 
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an exuberant growth of the shield is somewhat strengthened. Traced back- 
wards the amnion is found to bend in conformity with the caudal bend of the 
shield itself, and, with a slight convexity towards the deep depression between 
the shield and the body-stalk, it passes directly on to the dorsal aspect of the 
latter. It covers the stalk for about half its extent, and, as a result of the bend 
mentioned, the last few sections of the amnion appear as a narrow space lying 
on the left side of its dorsal aspect (figs. 3-.and 10). There is no evidence of the 
presence of an amniotic duct, the amniotic ectoderm remaining histologically 
the same at the extremity of this small diverticulum as elsewhere, with no 
extension towards the chorion. 


THE ENTODERMIC CAVITY 

The median sagittal diagram of fig. 3 indicates clearly the conditions 
present. In five sections at the cranial end the lumen of the intraembryonic 
portion is cut separately from the yolk-sac cavity, but a doubt, accentuated 
by the obliquity of the sections, remains whether this is in reality foregut or 
due to a distortion of the wall of the yolk-sac. There appears, however, to be 
some thickening of the mesoderm, with a doubtful coelomic rudiment, in the 
angle between. The allantoic diverticulum €xtends from the dorsal part of the 
caudal wall of the yolk-sac into the body-stalk, which it traverses for rather 
more than half its length. The total length of the allantois is estimated to be 
-14 mm. There is no hindgut. 


THE MESODERM 
A thin layer of (primary?) mesoderm—mostly one cell thick—extends 
throughout the shield, while secondary mesoderm is in process of active forma- 
tion in the primitive streak and is in continuity with the head-process in front, 
with the somatopleuric and splanchnopleuric layers, and with the chorionic 
mesoderm along the body-stalk. The chorionic mesoderm forms a continuous 
layer lining the chorionic ectoderm and extending into the primary villi. 


ANGIOGENESIS 


The distribution of the angioblastic tissue is, with doubtful exceptions in 
the body-stalk, confined to the wall of the yolk-sac. The evident blood-islands 
in this situation have already been noted in the general description of the ovum, 
and a detailed examination of the sections reveals that they are distributed 
thickly on the whole of the ventral aspect of the sac and extend on to both 
its cranial and caudal extremities. On the whole it appears that the islands 
in the cranial half of the sac are in a more advanced state of development. It 
is not proposed to give a detailed histological description of the appearances 
presented by these blood-islands, but attention may be directed to certain 
important features which are to be seen in the illustrations given. 

It will be observed from fig. 4 that the entoderm for about the dorsal half 
of the wall of the yolk-sac consists of a single layer of cells, whereas in the 
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ventral half it is thickened so that there are two, three and in some places 
four and even five nuclei. It may be thought that this appearance is 
due to distortion and consequent obliquity of the sections, but a careful 
examination of all the sections reveals that this is the condition throughout 
the extent of the yolk-sac. Associated with this difference it is found that, 
whereas in the dorsal half of the yolk-sac the overlying mesoderm is separated 
from the entoderm by a djstinct space and is clearly independent of it, in the 
ventral area there is no such clear separation between the two. Here also the 
mesoderm is thickened and the blood-islands occur, The separation of the yolk- 
sac into two areas, a dorsal and a ventral characterised by the differences in 
the entoderm mentioned, was described by Minot, and in Streeter’s account of 
a human embryo (Mateer) of the presomite period the same separation of the 
mesoderm from the entoderm in the dorsal half of the sac is noted. In that 
embryo, however, which, in a younger stage than the present specimen, 
exhibits a much less differentiated condition of the yolk-sac blood-anlage, it 
is the ventral part of the mesoderm which is thinner and “fused tightly with 
the entoderm.”’ The significance of these observations must lie in their relation 
to the formation of the blood vessels and the blood cells. 

If we now examine the blood islands themselves we find that there are all 
intermediate stages present between the extremes of small clumps of cells 
lying between apparently simple entodermic and mesodermic layers and com- 
pletely formed vessels with uninterrupted endothelial walls containing the 
developing blood cells. The three main stages are illustrated in fig. 4, where 
from left to right are to be seen (1) clumps of cells between entoderm and 
mesoderm each single-layered, (2) partially formed vessels with endothelial 
wall unformed towards the thickened entoderm, and (3) a fully formed vessel, 
The middle of these stages is illustrated on a larger scale in fig. 8, taken from 
a different section nearer the cranial pole of the yolk-sac. This section shows 
the formation of the endothelial wall on the side of the island away from the 
entoderm and the characteristic relation of the blood cells to the entoderm, 
from which they appear to hang in a cluster into the lumen of the developing 
vessel. In fig. 9, on a still larger scale, is shown the portion of the entoderm 
with which these cells are apparently continuous. It will be observed from this 
figure that the cells from which the clump in the lumen apparently springs are 
differentiated from the cells next the cavity of the sac by a number of points. 
There is the same absence of cell outlines throughout, but the cytoplasm sur- 
rounding the nuclei in the deeper layer is more clearly differentiated, the out- 
lines of the nuclei are less regular, the nuclei are more deeply stained, and the 
layer as a whole is separated from that next the cavity by a row of spaces. 
It is clear that these cells are to be separated from the overlying entoderm, 
and that between the two layers will be formed the completion of the endo- 
thelial wall. Although the appearances here described are at first sight sug- 
gestive of the origin of the blood cells from the entoderm, yet there is no 
unequivocal evidence to warrant a conclusion on this difficult question. 
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It should be noted that there are great variations in the distribution of the 
vessels in embryos about this stage of development. The contrast, for example, 
between this ovum and Streeter’s Mateer specimen is very marked. In the 
latter, blood vessels are present in all parts of the chorion and in many of the 





Fig. 9. Portion of the preceding (the left upper corner of the island) to show the arrangement of 
the cells on the yolk-sac side of the island. x 1750. 


villi, while the differentiation of the vessels on the yolk-sac is restricted to 
the caudo-ventral half and has not advanced so far as in the Whitehouse 
specimen. 


THE COELOM 


There is no indication of an intraembryonic coelom with the exception of 
a doubtful space in the mesoderm between the cranial wall of the yolk-sac 
and the doubtful foregut. Elsewhere the intraembryonic mesoderm is almost 
entirely one cell thick. There is no special remark to make regarding the exo- 
coelom, beyond calling attention to the statement in the general description 
that there was a considerable quantity of magma present, to which the 
embryonic papilla was connected by strands, 
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THE BODY-STALK ‘ 


The structure of the body-stalk is illustrated in fig. 10, in which is to be 
seen the allantois in the centre of the lower part of the stalk and, on the side, 





Fig. 10. Section of the chorion and the body-stalk, showing the allantois Pe the centre and the 
amniotic diverticulum on the side of the stalk. x95. 


a section of the amniotic diverticulum which passes along the stalk for a short 
distance. It will be noted that the mesoderm immediately surrounding the 
allantois is more compact than that which is connected with the chorion, 


THE CHORION AND VILLI 


Figs. 11 and 12 are added, without detailed comment, to demonstrate the 
structure of the chorionic wall and the villi. It may be noted that the dis- 
tribution of the villi is very irregular, that the cyto- and plasmodi-trophoblast 
layers are everywhere very distinct, and that the cores of the villi consist 
exclusively of undifferentiated mesoblast, in most cases shrunken away from 
the walls in preparation. There is no sign anywhere of vascularisation. 


SUMMARY 


1. There is an excellent clinical history, by means of which the age of the 
ovum can be placed between a minimum of eighteen or nineteen and a maxi- 
mum of twenty-five or twenty-six days. 

2. The head-process is in course of formation, and the stage of develop- 
ment is probably just before the appearance of the archenteric canal and the 
breaking down of the lecithoenteric plate. 

8. The amnion is stretched over the caudal end of the shield and is con- 
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Fig. 11. Chorion and villi. x 142, 
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Fig. 12. Portion of the preceding. x 350. 
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tinued as a short diverticulum on the dorsal and left side of the body-stalk. 
There is no evidence of an amniotic duct. 

4, There is a doubtful foregut, no hindgut, and an allantoic ieeutiontenn 
of the yolk-sac extending about half-way along the stalk. 

5. Blood and blood vessel formation is restricted to the ventral wall of 
the yolk-sac and is slightly more advanced towards the cranial end. 

6. There is no intraembryonic coelom. 


In conclusion I have to thank Mrs Thompson for her ready assent to the 
proposal that the work begun by her late husband should be completed, and 
for her kindness in placing at my disposal his unfinished MS. and notes. Also 
I have to acknowledge my indebtedness to Professor Barckay-Smith for his 
advice and to Professor Arthur Robinson for his kindness in looking over the 
material at my disposal and for helpful suggestions. 
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Tue object of the experiments described in the following paper was to 
ascertain the effects of prolonged irradiation upon rapidly growing tissue at 
different periods after exposure, and also to see in what manner these effects 
are modified by irradiation in the presence of colloidal silver. In the latter 
case, not only are the effects produced due to the action of the primary beam 
but also to the soft secondary radiations given off from the minute colloidal 
particles of the metal. 

For the purpose of experiment frog tadpoles were used; these were exposed 
to the unscreened radiations from a Coolidge tube working at 2 milliampéres 
with a 7-inch spark gap. In most of the experiments the animals were exposed 
in 1} inches of water in open glass dishes, the distance of the anticathode of 
the tube being 6} inches from the surface of the water. As the tadpoles tended 
to lie at the bottom of the vessel it is clear that there must have been a certain 
amount of “screening” from the superjacent layer of water. In order to 
diminish this factor, other specimens were exposed for different periods in 
about } inch of water, the water being changed from time to time (every 
20 minutes) during the exposure, so as to eliminate as far as possible any 
heating effects. The distance of the anticathode from the surface of the water 
was, as before, 64 inches. In a further series a small amount (-04 per cent.) 
of protargol was added to the water containing the tadpoles, in these cases the 
irradiation was carried out in dishes containing 14 inches of protargol mixture; 
the distance of the anticathode being again 6} inches. The specimens examined 
may be considered as falling into seven series: 

Series A. Normal tadpole skin. 

Series B. Tadpoles irradiated immediately after death. 

Series C. Living specimens irradiated in 1} inches of water for 1} hours. 
Different specimens taken and killed after varying intervals. 

Series D. Specimens irradiated for 2 hours in 1} inches of water, indi- 
viduals killed and examined as in Series C. 
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Series E. Specimens irradiated for 5 hours in 14 inches and examined as 
before. 

Series F. Specimens irradiated for 5 hours in about 4 inch of water. 

Series G. Specimens irradiated in the presence of protargol. 


SERIES “A” 
NorMAL TADPOLE SKIN 


As is seen in fig. 1, the epidermis consists of only two layers of cells. Of 
these the superficial layer is formed of somewhat flattened cells with more or 





Fig, 1 


less oval nuclei; while in the deep layer the cells tend to become polygonal in 
outline and the nuclei roughly correspond to the shape of the cell. 

As regards their staining properties, a great variation is noted in the 
affinity of the nuclei for the stain, though generally speaking the nuclei in 
the basal layer stain more deeply than do those in the superficial layer. This 
may possibly be due to the fact that the paler nuclei are also the smaller and 
that they are contained in smaller cells, hence the amount of nucleoplasm is 
smaller and the depth of colour not so great. 

Chromosomes are never seen distinctly, but nucleoli are generally par- 
ticularly well marked. The cytoplasm stains well and exhibits a somewhat 
clearer area immediately surrounding the nucleus, but no granules or fibrils 
are present. The cell outlines are extraordinarily well defined and present 
many of the appearances of typical cell walls, even to marked thickenings in 
the angles between contiguous cells. If there are any intervening lymph 
channels, they are not demonstrable in any specimen examined. The corium 
varies greatly in depth, but it is never so wide as to exceed the width of the 
epidermis. Its structure is not very obvious, since generally it stains as a 
homogeneous pink mass, although a feltwork of white fibrous tissue and a 
network of elastic fibres can be indistinctly seen. In addition there are also 
present a few cells which are oval or polygonal in form; the polygonal cells 
give off fibrils and their nuclei are large with well-defined nucleoli. 

It is, however, the pigment cells which form the most characteristic feature 
of the corium, These lie deeply and in close apposition to the subjacent muscle 
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bundles; they vary greatly in size and shape and are generally markedly 
arborescent. Comparatively few of them penetrate between the muscle 
bundles and none are seen between the epidermal cells. They are extremely 
friable and small masses of pigment are often seen scattered over the whole 
area of a section. That this appearance is due to rupture of the pigment cells 
during the various processes of preparation and cutting may be assumed from 
the fact that these scattered granules are in all cases very small and that they 
may be seen apparently lying in the lumen of the gut as well as superimposed 
on all tissues, when a section through the whole body is examined. 

In cases where more gross injury has occurred, it is seen that the epidermis 
is torn away as a whole, while the corium together with its pigment cells remains 
attached to the deeper structures. 


SERIES “B” 
TADPOLES IRRADIATED FOR 14 HOURS IMMEDIATELY AFTER DEATH 

Here the superficial layer of epithelium appears more flattened than in 
the preceding series, but it is possible that this is due to a general shrinking 
which is noticeable in all the epidermal cells. The nuclei stain deeply; in some 
cases they show a little indistinctness of outline and in certain instances are 
broken up, the fragments being scattered throughout the whole of the cell. 
In the great majority of cases, however, the nuclei are intact and lie in the 
centre of the cell with the cytoplasm adherent to them so that it seems to be 
torn away from the periphery with the production of a marginal clear space. 
These appearances are presented by the epidermal cells of both layers; the 
chromosome filaments are more distinctly seen than in Series “A” while, on 
the other hand, the nucleoli are less obvious. No changes can be detected in 
the corium and its pigment cells. 

SERIES “C” 
TADPOLES IRRADIATED FOR 14 HOURS AND KILLED 
AT DIFFERENT TIMES AFTERWARDS 

The third series of sections was taken from tadpoles which were irradiated 
for a period of 14 hours, Different specimens were taken and killed at varying 
intervals after exposure, while a few that died are also included in this 
Group C, 

C1. Specimens killed immediately after 14 hours’ irradiation 

The epidermis shows no change except in a few localised areas in the 
thinnest part of the tail, where the cells are larger and the nuclei more active- 
looking. No definite hyperplasia can be seen in any part of the section. 

In the corium the pigment cells are less branched than normal and are 
collected into clumps. 


C2. Specimens killed 24 hours after 14 hours’ irradiation 
Many small areas show very active nuclear division with local loss of 
definition of the cell outline. The nuclei seem rather smaller than normal, 
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when considered in relation to the size of the epithelial cells. Nucleoli are 
distinct and taken in.conjunction with the shape of the nuclei, serve to indicate 
early mitosis. 

Although this is active in these localised areas, there is no definite increase 
in the thickness of the epithelium, nor is there any invasion of the corium by 
epithelial cells. The outstanding feature in these specimens is, however, the 


fact that all distinction between superficial and basal layers is completely 
lost (fig. 2). 

The corium exhibits no deviation from the normal except that the pigment 
cells have withdrawn their amoeboid processes and shrunk into rounded masses 
lying deep in the true skin. 


C 3. Specimen died 2734 hours after 14 hours’ irradiation 

The epithelial nuclei all stain deeply with the exception of those present 
in one part of the skin, which must be described in greater detail. 

In this area the nuclei show great activity, exhibit marked variations in 
size and take up the haematoxylin stain rather faintly; the nucleoli stand out 
distinctly. Many nuclei are in a state of active division although the mitotic 
figures are not distinct. The cell outlines are no longer distinct in the particular 
area though they remain definite elsewhere. The most striking and important 
phenomenon exhibited in this part of the section is the loss of demarcation, 
not only between the cells of the epithelium—which now practically amounts 
to a syncytium—but between this area and the corium. This active layer is 
seen to be invading the deeper part of the skin by gradually merging into it. 
There are no definite downgrowths of cells but the appearances suggest an 
encroaching wave of the hyperplastic area (fig. 3). 

In the corium the nuclei of the connective tissue cells stain deeply, but 
the pigment cells in the great majority of cases lie deeply in the epidermal 
syncytium and are markedly arborescent. 


C4, Specimens killed 48 hours after 14 hours’ irradiation 


The epithelial nuclei are all large and have distinct nucleoli; in many cases 
they are markedly granular and there is some surrounding vacuolation of the 
cytoplasm, an appearance presented equally by both layers of cells. 
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There are numerous areas of hyperplasia in which the distinction between 
superficial and basal cells is lost, with the result that the epithelium presents 
marked variations in thickness, In addition to this there are many areas where 
invasion into the corium has occurred both by a local syncytium and by indi- 
vidual epithelial cells, many of which can be seen lying in the corium, some 


Fig. 3 
of them very deeply. There are more patches of hyperplasia than have hitherto 
been manifested, and while each of these areas shows less indication of cell 
division than is present in the preceding group (C 3), it is more marked than 
in group C 2. There are a few small clumps of pigment cells in the hyperplastic 
area of the epidermis, but by far the greater number lie deeply in the corium 
and are markedly arborescent. 
No other changes are noticeable in the corium. 


C 5. Specimens killed 84 hours after 14 hours’ irradiation 

The corium and chromophores in this series of tadpoles present appear- 
ances identical] with those observed in the previous series (C 4). The epithelium, 
however, shows more marked hyperplasia and for the first time exfoliation of 
many new superficial cells can be detected. These are small in size and consist 
of a nucleus surrounded by only a very thin layer of cytoplasm. Although all 
the nuclei are distinct and healthy looking—no single sign of degenerative 
change can be seen—they give the general impression of being smaller and less 
active than those seen in the last group (C 4). 


C6. Specimens which died 7 days after 14 hours’ irradiation 
In these specimens the epidermis is represented merely by a wavy line 
with but few small local thickenings, and all details of structure are com- 
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pletely lost. This line consists of an evenly stained strip which has taken up 
eosin and haematoxylin equally, so that it appears as a thin lilac thread, which 
is very friable and easily detached from the subjacent tissue. 

The corium presents an appearance similar to that shown by the epi- 
thelium, with the exception that in a few places small patches of striation can 
be made out. Also there are one or two spheroidal cells, with an indefinite 
histological structure apart from their very distinct outline. They stain a deep 
blue and appear to consist almost entirely of nuclear substance. 

At first sight there appears to be a remarkable diminution of pigment, but 
higher magnification demonstrates an absolute fragmentation of the pigment 
cells, and a dispersal of pigment granules throughout the whole of the corium, 
which is filled with minute brown particles (fig. 4). 





A very striking feature of this (Series C) and the foregoing series B, is the 
extremely patchy distribution of the areas of hyperplasia. 


SERIES “D” 
TADPOLES IRRADIATED FOR 2 HOURS 


D1. Specimens killed immediately after 2 hours’ irradiation 

There is a slight but very definite hyperplasia in places, but the cell out- 
lines are quite distinct and there is no attempt at syncytium formation. Some 
separation has occurred between many of the basal cells, with the result that 
the cell outlines are extraordinarily distinct and a definite space intervenes 
between the adjacent cells. Perinuclear vacuolation can be seen in many cells 
both of the superficial and of the deeper epithelial layers, while the nuclei 
themselves are deeply and evenly stained, clearly defined and somewhat 
shrunken. Nucleoli are difficult to detect. Pigment is seen to lie as a narrow 
band, parallel to the epithelium and deep in the corium, while a few pigment 
cell masses lie deep in the connective tissue where there is also an apparent 
increase in the cellular elements. 


D 2. Specimens killed 24 hours after 2 hours’ irradiation 
In this series the basal epithelial cells show hyperplasia with some syn- 
cytium formation and very definite invasion of the corium in a few places 
(fig. 5). In these situations the nuclei are smaller than usual, more deeply 
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stained and more crowded. Deep in the epidermis there occur a few collections 
of cells of similar structure which are quite separated from their fellows in 





Fig. 5 


the epithelium. The nuclei are similar to those seen in- the preceding series 
(D 1), but perinuclear vacuolation is here more marked. 

In the corium the pigment cells appear as rounded masses lying super- 
ficially, the fibrous strands are more clearly seen in the deeper layers where 
the connective tissue cells show a patchy but distinct increase in numbers. 


SERIES “E” 


TADPOLES IRRADIATED FOR 5 HOURS AND KILLED 
AT DIFFERENT TIMES AFTERWARDS 
E1. Specimens killed immediately after 5 hours’ irradiation 

In these it is seen that there are one or two patches of epithelial hyper- 
plasia chiefly affecting the basal cells but showing no tendency to invasion of 
the corium. In general the cell outlines are less distinct than normal, many 
cells are vacuolated while a few exhibit no signs of any nuclear staining at all. 
Here the nuclei are probably entirely degenerated, a hypothesis supported by 
the fact that a small number of definitely fragmented nuclei are found in 
adjacent cells. The great majority of the nuclei are smaller than normal and 
show marked variations in the degree to which the haematoxylin is taken up. 

The pigment cells immediately below the basal layer are medium sized 
horizontal masses and show little tendency to arborescence. There are no 
other apparent changes in the corium. 


E 2. Specimens killed 24 hours after 5 hours’ irradiation 

Most striking is the fact that in these preparations by far the greater part 
of the epidermis is narrow, shrunken and attenuated. All differentiation 
between superficial and basal layers is lost and the cell outlines are no longer 
distinct; the nuclei are small but stain well. There are, however, a few stretches 
of epithelium—averaging about four cells in length—which show complete 
absence of nuclei, a homogeneous stretch of protoplasm serving to represent 
the whole epithelial structure. 
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Hyperplasia has evidently occurred in a few places and although these 
areas are wider than the rest of the epithelium, even they are somewhat 
shrunken, 

In contrast to this general picture of attenuation are some small areas 
where the cells are larger than normal. They are, however, apparently cedema- 
tous and the condition is really one of cloudy swelling. 

The corium shows no definite change, with the exception that the chromo- 
phores, which lie immediately under the epithelium are rounded and show no 
tendency to arborisation. 


E 3. Specimens killed 48 hours after 5 hours’ irradiation 

In these specimens, while there are a few areas in the epithelium in which 
hyperplasia has occurred and is still occurring, the general picture is one of 
degeneration. The epithelium is narrowed and although there are no extensive 
areas which show an absence of nuclei there are many small patches from which 
they have disappeared. Many nuclei are crenated and degenerate and many 
are fragmented, while numerous cells show signs of breaking up. The appear- 
ances presented by the pigment cells are the same as those in the previous 
series (E 2), 


E 4, Specimens killed 72 hours after 5 hours’ irradiation 

Here the picture of neighbouring hyperactivity and degeneration is most 
obvious. Many large stretches of basal cells show a homogeneous protoplasm, 
complete loss of cell outline and but a few scattered nuclei. Other small patches 
of epithelium are thinner and generally resemble the preceding except for the 
fact that the nuclei are few and far between and apparently remain like 
memorial stones to indicate where the cells have been. Immediately adjacent 
to these areas are basal cells with active nuclei and exhibiting hyperplasia. 
In these spots, however, the overlying flattened cells appear to be oedematous 
and show the first stages of degeneration (fig. 6). The nuclei exhibit marked 





Fig. 6 


variations even in contiguous cells, thus degenerated and fragmented speci- 
mens are immediately contrasted with their large and active fellows. Indeed, 
some of these large nuclei are the largest observed throughout these experi- 
ments, being larger than the nucleus of a normal cell. 























The Effects of X-Rays upon the Skin of the Frog Tadpole 29 


The pigment cells are somewhat fragmented and the smaller masses appear 
lighter in colour than usual, this is, however, probably an optical effect due to 
the shorter diameter of the clumps. 


E 5. Specimens killed 96 hours after 5 hours’ irradiation 

In these sections the whole epithelium is degenerated; in many cases a thin 
apparently structureless thread is all that remains, but occasionally a few 
living basal nuclei can be seen. Much of the pigment is still present in the 
medium sized irregular masses adherent to the epithelial remains, Upon 
examining the section with a higher power, however, it soon becomes evident 
that the whole of the corium is bestrewn with minute light brown specks 
evidently resulting from the fragmentation of some of the chromophores. 

In all the preceding experiments the tadpoles had been irradiated in about 
14 inches of water, the surface of the water being 6 inches from the anode of 
the X-ray tube. In the series now to be described, the depth of water was 
reduced to } inch, in order to reduce screening effects from the depth of water, 
the distance of the anode from the surface of the water being 6 inches, as before. 
In this group (F) 5 hours’ irradiation was given. The water was frequently 
changed during the exposures. 


SERIES “F” 


TADPOLES IRRADIATED FOR 5 HOURS IN ABOUT 4 INCH OF WATER 
AND KILLED AT DIFFERENT TIMES AFTERWARDS 


F 1. Specimens killed immediately after 5 hours’ irradiation 
in about 4 inch of water 

The epithelium shows one or two hyperplastic patches, no degenerative 
changes are seen, and some of the nuclei appear somewhat smaller than normal. 
The cells, however, are very distinctly outlined and in some places are separated 
from one another. This phenomenon is in all probability due to a loosening of 
the epithelial cells and not to the presence of lymph channels as the spaces 
are too large and there are no intercellular fibrille. 

The pigment is coJlected into large spheroidal clumps and very few arbo- 
rescent figures are seen. 

Now, for the first time, among all the specimens examined, we meet with 
definite changes in the corium as the result of irradiation. The fibrous tissue is 
broken up, the elastic fibres are short and twisted, giving a picture resembling 
on a small scale the appearance presented by a hair affected with ringworm 
fungus. 

No changes are seen in the connective tissue cells. 


F 2. Specimens killed 24 hours after 5 hours’ irradiation 
in 3 inch of water 
The epithelium is very friable and easily detached from the corium and 
shows a few small patches of hyperplasia. Most of the nuclei stain but faintly 
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and all are small; in some places they are degenerated or dead and occasionally 
fragmentation and dispersion through the cytoplasm have occurred. 

The appearances of the corium and the chromophores are the same as in 
the preceding series (F 1). 


F 3. Specimens killed 48 hours after 5 hours’ irradiation 
in 4 inch of water 

For the most part the epithelial cells are shrunken and narrowed and the 
protoplasm is contracted down on to the nuclei. Large swollen cells with very 
pale and indistinct nuclei are present in patches, they are very friable and have 
generally lost immediate connection with one another, thus causing a break 
in the epithelial continuity. Apparently these represent dying areas of hyper- 
plasia, and are the result of degeneration occurring in such over-developments 
as were seen in series F 1. 

When the cytoplasm is closely contracted around the nuclei, the latter 
are small and often scarcely distinguishable from the rest of the cell. 

The connective tissue is torn away from the basal layer of the epithelium 
and the bundles of white fibrous tissue are all swollen and cedematous. The 
same fate has overtaken the connective tissue cells which are mostly large 
and spherical with pale indistinct nuclei; the others are shrunken and round 
with complete absence of all processes. There is complete fragmentation of 
the pigment cells with distribution of small pigment granules throughout the 
corium. 

SERIES “G” 
TADPOLES IRRADIATED FOR 2 HOURS IN THE PRESENCE OF PROTARGOL 


This series consists of tadpoles which had been irradiated in water to which 
1 per cent. of a solution of protargol had been added. After exposure to the 
rays the larvee were transferred to ordinary pond water. 


G1. Specimens put into the protargol for 2 hours, then removed 
and killed immediately 

These were not subjected to any irradiation, but were used merely as 
controls to determine whether simple immersion in the dilate colloidal silver 
were productive of any changes in the skin. .On microscopical examination 
these sections exhibit no deviation from the normal, with the exception that 
they seem abnormally friable and that the chromophores appear as rounded 
or oval masses in the corium and show little or no tendency to branching. 


G 2. Specimens killed immediately after 2 hours’ irradiation 
in dilute protargol 


All the cells are seen to be small and shrunken, but in spite of this there 
are signs of commencing hyperplasia both in the epithelium and in the con- 
nective tissue. The whole of each section is very fragmented and certainly 
much more so than in the control series (G 1). This effect may be in part due 
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to the action of the protargol apart from irradiation as the same picture is 
noticed in all the tadpoles which have been simply immersed in the colloidal 
silver solution. The pigment is distributed in the same manner as in the control 
series, but with the difference that the chromophores are not quite so large or 
so ovoid and there is certainly more branching of the cells. 


G3. Specimens killed 48 hours after 2 hours’ irradiation 
in dilute protargol 
Hyperplasia of the epithelial cells is more marked in these specimens than 
in any hitherto described. On an average the epithelium is increased to five 
cells in thickness. A further important point is that this hyperactivity is 
uniformly distributed over the whole of the skin and is not present merely in 





Fig. 7 


patches. Cell outlines are frequently indistinguishable, and the whole section 
is very friable. The same activity is seen in the connective tissue cells of the 
corium which also show a marked tendency to branching. The pigment is 
contained in small and markedly arborescent cells (fig. 7). 


The results obtained may be tabulated as follows: 
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CONCLUSIONS 


The details of the experiments and the experimental findings have been 
so fully dealt with in the text and in the tabular summary that a note of 
conclusions seems rather a formality than a necessity. 

In the specimens irradiated immediately after death (Series B), very slight 
changes were noticed; these nevertheless seem to have been due to the irradi- 
ation. 

Prolonged irradiation within certain limits causes the characteristic changes 
to appear more quickly, for instance, a specimen killed immediately after 
14 hours’ irradiation showed only some increase in the size of the nuclei of 
the superficial epidermal layer together with evidences of increased activity 
(C 1), while specimens which had received 2 hours’ irradiation and which were 
killed immediately afterwards, showed slight but definite hyperplasia (D 1). 

The chromophores in the corium appear to be very responsive to the rays. 

Irradiation in the presence of colloidal silver causes much more rapid and 
profound changes. These were of a markedly stimulative character, within 
the limits of time after irradiation in which the obervations were made. 











ARE THE POLAR AND TRABECULAR CARTILAGES OF 

VERTEBRATE EMBRYOS THE PHARYNGEAL ELE- 

MENTS OF THE MANDIBULAR AND PREMANDIBULAR 
ARCHES? 


By EDWARD PHELPS ALLIS, Jr, 
Mentone, France. 


Ir is, I believe, now generally accepted that the visceral clefts of the gnatho- 
stome vertebrates are intersegmental in position, and that the most anterior 
somite is the premandibular. Hach somite of the region where these clefts 
occurred must accordingly have lain, primarily, directly dorsal to the related 
arch, and that part of the axial skeleton developed in relation to that somite 
must have lain directly dorsal to the skeletal bar developed in the arch. The 
presence of a premandibular somite strongly suggests a premandibular arch 
related to it, and there must inevitably have been such an arch if the present 
mouth has been developed from a pair of mandibular clefts. 

The skeletal bars of all these arches, with the possible exception of the 
premandibular, must have lain, primarily, transverse to the axis of the body, 
and each of them must have lain directly internal to the artery of the related 
arch. They probably did not extend upwards as far as the longitudinal aortic 
vessel into which the efferent arteries fell, but had they extended to it, lying 
as they did internal to the efferent arteries, they would have passed internal 
(ventral) to it, as the second pharyngobranchials actually do in both Amia 
and Hyodon (Allis, 1897, fig. 55, Pl. 35 and 1919, fig. 7, Pl. 21). 

In later stages of phylogenetic development, the arches became inclined 
to the axis of the body, and in the branchial region of the gnathostome fishes 
two distinctly different forms of arch arose, a sigma-shaped one, in which the 
pharyngobranchials project postero-mesially, and a V-shaped one, in which 
those elements of the arches project antero-mesially, the former form of arch 
being found in all of the recent Elasmobranchii, and the latter form in the 
Teleostomi and Dipnoi. 

In the adults of the recent Selachii, where the sigma-shaped arch is found, 
the dorsal end of the epibranchial in each of the more anterior arches is some- 
what expanded, the posterior corner of this end giving articulation to the 
pharyngobranchial, and the anterior corner projecting anteriorly beyond it, 
as is well shown in certain of Gegenbaur’s (1872) figures. The efferent artery 
of each arch, coming upwards along the external surface of the epibranchial, 
accordingly either passes wholly anterior to the pharyngobranchial, or crosses 
its anterior edge, and beyond that point lies wholly anterior to it, as shown 
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in my figure of Chlamydoselachus (Allis, 1915, p. 568). Thus the dorsal ends 
of the pharyngobranchials of these fishes do not now lie directly internal to 
the efferent arteries of their respective arches, and if that part of the axial 
skeleton to which any one of them is related were to undergo marked lateral 
expansion, the skeletal bar of that arch would acquire contact with it dorsal 
to the dorsal aortic vessel, and would lie posterior to the efferent artery of the 
arch if the contact was by the pharyngeal element of the arch, but anterior to 
that artery if the contact was by the epal element. And this is exactly what 
does occur in the hyal arch of these fishes, for the hyomandibula, which is the 
epal element of the arch, articulates with the cranial wall dorsal to the lateral 
dorsal aorta and anterior to the efferent hyal artery (Allis, 1915). In the 
Batoidei, where the hyomandibula is the pharyngeal element of the hyal 
arch, it also articulates with the cranial wall dorsal to the lateral aorta, but 
its primary relations to the efferent hyal artery are obscured by its loss of 
contact with the dorsal end of the epal element. 

In the Teleostomi, where the V-shaped arch occurs, the dorsal ends of 
the epibranchials are expanded, as they are in the Selachii, but it is the anterior, 
instead of the posterior, corner of this end that gives articulation to the pharyn- 
gobranchial; as shown in my figures of Amia and Scomber (Allis, 1897 and 
1903). The dorsal end of the efferent artery of each arch of these fishes 
accordingly lies either wholly posterior to the pharyngobranchial, or crosses 
its posterior edge, the reverse of the relations that it has to that cartilage in 
the Selachii. If one of the branchial bars of these fishes were to acquire contact 
with a laterally expanded part of the axial skeleton, the point of contact would 
therefore lie anterior to the efferent artery of the arch and dorsal to the dorsal 
aortic vess@, and such contact is actually acquired by the first pharyngo- 
branchials in Amia, Scomber and Hyodon (Allis, 1897, 1903 and 1919). 

The relations of the arteries, here under consideration, to the cartilages of 
the hyal and branchial arches thus seem to depend definitely upon whether 
the skeletal bars of these arches acquire the sigma- or the V-shaped form, 
and whether their dorsal ends lie opposite an enlarged portion of the axial 
skeleton, or not, and this must have applied with equal force to the relations 
of these structures to each other in the mandibular and premandibular arches. 
In these two latter arches, the dorsal ends of the skeletal bars must inevitably, 
in all the gnathostome fishes, have assumed the sigma form, for, in all of them, 
as the present mouth developed, the pharyngeal elements must have been 
subjected to pressure, or pull, tending to swing them upwards and forwards 
into a position parallel to the axis of the body, while the articulating ends of 
the epal and ceratal elements were pushed backwards. It seems reasonable 
to assume that there was, primarily, an aortic vessel in the premandibular 
arch, as there actually is in the mandibular arch. The efferent artery of each of 
these arches would therefore, normally, have passed anterior to the pharyngeal 
element of the arch in order to reach and fall into the lateral dorsal aorta, and 
this latter vessel would have extended forwards to the dorsal end of the 
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premandibular artery. From this end of the aorta, the arteria cerebralis of 
current descriptions must have had its origin, for this is in accord with the 
conditions that I find in the adults of all of these fishes that I have examined, 
and with Raffaele’s (1892) descriptions of embryos of the Plagiostomi. 

Assuming the views above set forth to be correct, it is evident that, in 
recent fishes, the relations of the arteries here under consideration to the 
cartilages of the region, should give some indication as to whether the latter 
are of visceral (branchial), or axial origin, and the conditions in early embryos 
of Acanthias, as recently described by van Wijhe, are particularly suggestive 
in this respect. 

In a 28 mm. embryo of this fish (Acanthias), the polar cartilage of either 
side is said by van Wijhe (1922) to be a little rectangular plate lying ventral 
to the parachordal of its side, slightly posterior to its anterior end and directed 
vertically toward it. The hind end of the corresponding trabecula is shown 
lying directly ventral to the polar cartilage, and it is said (J.c. p. 288) there to 
be in contact with the dorso-anterior end of the palatoquadrate. In the figures 
given, this contact of the trabecula and palatoquadrate is not shown, but as 
it is said to exist, the adjoining ends of these two cartilages must both lie 
directly ventral to the ventral end of the polar cartilage, and but slightly 
separated from it. The dorso-anterior end of the palatoquadrate is said to 
represent the palatobasal process of Gegenbaur’s (1872) descriptions of the 
adult, but, following Garman (1885), van Wijhe calls it the processus palato- 
trabecularis. It is evidently considered by him to represent the dorsal end 
of the entire bar of the mandibular arch, but this I think is incorrect, as will 
later appear. 

The polar cartilages enclose between them a space which van Wijhe calls 
the “Polfenster,”’ and in this 28 mm. embryo it is said to be traversed by the 
stalk of the hypophysis and the internal carotid arteries. The latter arteries, 
running forwards through this fenestra polaris, unite with each other im- 
mediately beyond it and then soon separate again, the artery of either side 
turning laterally and being joined by the efferent pseudobranchial artery 
(arteria spiracularis, van Wijhe) shortly after the latter artery has given off 
the arteria ophthalmica magna. The internal carotid is said then to continue 
onwards, along the lateral surface of the hypophysis, and after giving off the 
arteria centralis retinae, to first turn upwards across the anterior edge of a 
median mass of tissue that van Wijhe calls the “ Mittelhirnpolster,” and then 
postero-mesially along the dorsal surface of that polster to join and fuse with 
the artery of the opposite side to form the median arteria basilaris. 

The “Mittelhirnpolster” lies partly within and partly anterior to the 
ventro-posteriorly bent and beak-like tip of the notochord, and corresponds 
to the cartilago acrochordalis of certain other vertebrates. In Acanthias it 
does not undergo chondrification, but lateral outgrowths of it chondrify as 
the pleurosphenoid (van Wijhe), or alisphenoid (Sewertzoff) cartilages, and as 
these latter cartilages and the acrochordalis tissue are said to be derived 
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from somite I, they form the most anterior portion of the chordal axial skeleton. 
The internal carotid of these descriptions accordingly does not enter the 
chordal portion of the cranial cavity until after it has received the efferent 
pseudobranchial artery and has given off the arteria centralis retinae, and as 
the internal carotid, up to the point where it receives the efferent pseudo- 
branchial artery, is simply a section of the lateral dorsal aorta, it is evident 
that it must there have lain, primarily, external to the cranial cavity; and this 
is in accord with the conditions that I have described in the adult Acanthias 
blainvillii, in the adults of several others of the Selachii, and in Raia (Allis, 
1914, 1912 a, 1912 b), the internal carotid there, after traversing the foramen 
caroticum and until it has received the efferent pseudobranchial artery, lying 
either in a canal in the cranial cartilage or between that cartilage and its lining 
membrane. 

In embryos of Acanthias from 29-5 to 82-5 in length, the ventral end of each 
polar cartilage has fused with the hind end of the corresponding trabecula, but 
the dorsal end of the cartilage is still free. 

In a 89-5 mm. embryo, the polar cartilages of opposite sides have fused with 
each other both dorsal and ventral to the median artery formed by the fusion 
of the internal carotids, a posterior portion of the fenestra polaris thus being 
cut out of the entire fenestra to form a foramen caroticum, and this foramen 
persists as such in the skull of the adult. That part of the fused polar cartilages 
that forms the dorsal boundary of this foramen has fused with the ventral 
surface of the parachordal plate; the parachordal, polar cartilage, and trabecula 
of either side thus forming a single continuous piece. The palatoquadrate has 
grown forwards beyond the point where the polar cartilage fuses with the 
trabecula, and a processus palatobasalis (palato-trabecularis, van Wijhe) has 
developed on its dorsal edge, this process being directed upwards along the 
lateral surface of the trabecula definitely anterior to the polar cartilage. 
A short palatine process of the palatoquadrate projects anteriorly beyond the 
processus palatobasalis. The internal carotids of opposite sides now fuse with 
each other before they enter the median. foramen caroticum, and the ecto- 
dermal stalk of the hypophysis has vanished. 

The efferent pseudobranchial artery of these descriptions is the efferent 
artery of the mandibular arch, and the internal carotid, into which it falls, 
is simply an anterior prolongation of the lateral dorsal aorta. This latter artery 
thus lies ventro-mesial to the polar cartilage, and the efferent mandibular 
artery, in order to reach it, crosses the anterior edge of the latter cartilage, 
these relations of the arteries to the cartilage being exactly those that the 
corresponding arteries in the branchial region would have to the pharyngeal 
elements of those arches if the latter elements were to acquire contact with 
the axial skeleton. This evidently suggests that the polar cartilage is a pharyngo- 
mandibular, and the further facts that this cartilage lies ventral to the jugular 
vein, lies ventral or posterior to all branches of the nervus trigeminus, and at 
a marked angle to the palatoquadrate, are all in favour of this view. The 
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fact that the polar cartilage develops independently of the palatoquadrate is 
in accord with van Wijhe’s statement that the several cartilages in the more 
posterior arches of this fish develop independently of each other, instead of 
arising by the segmentation of a primarily continuous bar. 

Inembryos of Scyllium canicula, somewhat different but strictly comparable 
conditions occur. In the descriptions of embryos of this fish the polar cartilages 
are not described as independent cartilages, but it seems beyond all question 
that the so-called trabeculae of these descriptions are, in reality, trabeculo- 
polar cartilages. Goodrich (1918, p. 21) says of these so-called trabeculae: 
“At no stage of development do I find the trabeculae bent down at right 
angles to the parachordal plate, as figured by Sewertzoff, but always from 
the first more nearly in the same plane”; and van Wijhe (1922) confirms this 
observation. Goodrich, in making this statement, refers to his figure of a 
83 mm. embryo, and the trabeculae, as there shown, do lie nearly in the plane 
of the parachordals, but they nevertheless lie nearly at right angles to that 
part of the notochord toward which they are directed, for the anterior end of 
the notochord turns upwards to such an extent that its tip lies nearly at right 
angles to its otic and occipital portions. The conditions in this fish are thus 
strictly comparable to those in Acanthias; and as I find similar relations 
of the cartilages of this region to the nerves, arteries and jugular vein in the 
adults of all of the Selachii that I have examined, and also in Raia (Allis, 
1912b, p. 58) and Chimaera (Allis, 1917), it is probable that they exist in all 
the Elasmobranchii. 

The polar cartilage of these fishes thus apparently being the pharyngeal 
element of the mandibular arch, its relations to the trabecula strongly suggest 
that that cartilage is the corresponding element of the premandibular arch, 
The dorsal end of the skeletal bar of the latter arch must have lain, primarily, 
directly ventral to the acrochordalis tissue, and it should there normally have 
acquired contact or connection with the axial skeleton. This has, however, 
been prevented partly by the failure of the acrochordalis tissue to chondrify, 
but mainly because of changes in the region associated with the development 
of the mouth and the hypophysis. Some fixed support was, however, needed, 
because of the supporting relations of the cartilage to the roof of the mouth, 
and it was acquired by fusion with the distal end of the polar cartilage, fusions 
of the cartilages of one arch with those of an adjoining one being of frequent 
occurrence in fishes. Furthermore, this assumption offers an explanation of 
the otherwise apparently inexplicable course of the efferer.t mandibular artery 
of these fishes dorsal, instead of ventral to the trabecula. 

In Acanthias, as above stated, the polar cartilage fuses with its fellow of 
the opposite side both dorsal and ventral to the lateral dorsal aorta (internal 
carotid), as well as fusing with the ventral surface of the parachordal dorsal 
to the latter vessel. What has been the cause of this fusion with its fellow of 
the opposite side is not apparent, but, as a result, the lateral dorsal aortae 
are forced together in the median line and there fuse with each other, the point 
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of fusion lying between the points where the aortae are joined by the efferent 
arteries of the hyal and mandibular arches. The fusion of these arteries com- 
pletes the well-known circulus cephalicus, and the efferent mandibular artery 
of either side is pulled slightly postero-mesially, and hence, in its course 
upward and inward to reach and fall into the aorta, it crosses the anterior 
edge of the pharyngomandibular (polar cartilage) definitely dorsal to its ventral 
end. The efferent artery accordingly lay dorso-posterior to the point of 
contact of the pharyngomandibular with the pharyngopremandibular when 
these two elements fused with each other, and hence lies, actually, dorsal to 
the latter element, this being the reverse of its normal relations. The lateral 
dorsal aorta lies, on the contrary, actually mesial, but morphologically ventral, 
to the pharyngopremandibular, and this relation to that cartilage would 
necessarily result from the fusion of the cartilage with the pharyngomandibular 
whether the pharyngopremandibular were, before the fusion, directed towards 
the cranium ventral or dorsal to the aorta, provided only that, in the 
latter case, the arteria cerebralis ran upwards anterior to the pharyngopre- 
mandibular, If the artery ran upwards posterior to the pharyngopre- 
mandibular (which seems improbable), and the latter element had acquired 
contact or connection with the cranium dorsal to the aorta, it might, in fusing 
with the pharyngomandibular, have pushed the base of the arteria cerebralis 
outwards, thus forcing it to run upwards lateral and then dorsal-to the pharyngo- 
premandibular, as it actually does both in the adult Polypterus and in the 
youngest larvae of that fish that have as yet been examined and described. 

In Scyllium the conditions differ from those in Acanthias in that the 
pressure, or pull, tending to force the pharyngeal elements of the mandibular 
and premandibular arches into a position parallel to the axis of the body, 
has caused a bending upwards and backwards of the anterior end of the noto- 
chord, instead of a bending upward and forward of the trabeculo-polar bar; 
and in both these fishes the impulse did not become effective, so far as the 
pharyngomandibular is concerned, until after that element had become firmly 
fused with the parachordal. 

If the polar cartilage is the pharyngomandibular, the palatoquadrate must 
be the epimandibular. The processus basalis and processus palatobasalis are 
then, respectively, the posterior and anterior corners of the greatly expanded 
dorsal (proximal) end of this element of the arch, and the processus muscularis 
(metapterygoideus) is part of a ridge which, as in the branchial arches, formed, 
primarily, the anterior edge of a groove on the external edge of the element 
to lodge the arteries and nerves of the arch. 

In the Holostei and Teleostei the conditions differ from those above de- 
scribed in certain important details, but not in principle. 

In a 10 mm. embryo of Lepidosteus, Veit (1911) shows the trabecular and 
polar cartilages of either side lying one anterior to the other in the horizontal 
plane of the related parachordal. In 11 to 12 mm. embryos these primarily 
independent cartilages have fused with each other and with the parachordal, 
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and the efferent mandibular artery joins the internal carotid ventral to, instead 
of dorsal to, the so-formed trabeculo-polar bar (Allis, 1909, p. 186). After 
receiving this artery, the carotid turns upwards between the hind ends of 
the trabeculae and not, as in the Elasmobranchii, between the polar cartilages. 

In an embryo of Amia 8 to 8-8 mm. in length, Pehrson (1922) finds the 
polar cartilage of either side already fused with both the parachordal and 
trabecula, but still readily recognizable. It is said to be triangular in shape, the 
base of the triangle directed forwards, and it is with the lateral one of the 
two corners of the base that the trabecula has fused. The mesial corner projects 
slightly forward, and the internal carotid runs upward in the space between 
this projecting corner and the trabecula. In later stages the projecting mesial 
corner also fuses with the trabecula, thus enclosing the carotid in a foramen, 
and this foramen evidently becomes the carotid canal of the adult, which 
traverses the presphenoid bolster (Allis, 1897). The dorsal end of the efferent 
mandibular artery, which primarily joined the internal carotid ventral to 
the trabecula (Allis, 1919, p. 266), also becomes enclosed in the cartilage, 
and hence, in the adult, has the appearance of traversing the trabecula. 

The efferent mandibular (pseudobranchial) artery thus has, in these two 
ganoids, distinctly different relations to the trabecula from those that it has 
in the Elasmobranchii, but this is evidently due to the fact that the internal 
carotid (lateral dorsal aorta) has not here been crowded inwards to the median 
line by the fusion of the pharyngomandibulars (polar cartilages) of opposite 
sides, and that the latter cartilages have not fused with the axial skeleton 
until after they and the pharyngopremandibulars (trabeculae) have both 
acquired a position in the horizontal plane of the parachordals. Because of 
this, the ventral end of the pharyngomandibular, in swinging upward, has 
passed postero-dorsal to the efferent artery of its arch, that artery being held 
in position distal to the pharyngeal element, between the two process-like 
corners of the expanded dorsal end of the epimandibular, by its attachment 
to the carotid. The carotid (lateral dorsal aorta) of either side accordingly runs 
forwards ventral and mesial to the trabeculo-polar bar until it has received 
the efferent mandibular artery, when it turns upwards along the actually 
mesial but morphologically anterior edge of the hind end of the trabecula and 
enters the cranial cavity, this point corresponding to the point where, in the 
Selachii (and hence probably in others also of the Elasmobranchii), the artery, 
after receiving the efferent mandibular artery, pierces the lining membrane of 
the cranial cartilage and enters the central cavity. The ventral edges of the 
polar cartilages later grow towards each other, dorsal to the'internal carotids, 
and certainly form the anterior portions of the lateral bounding walls of the 
pituitary fossa, but whether it is outgrowths of these cartilages, or of the 
parachordals, that form the posterior portions of those walls cannot be told 
from the descriptions and figures. It would however seem quite certain that 
the posterior portions of the walls are of parachordal origin, and correspond 
to the ventral processes of the median basisphenoid of Stensié’s (1921) de- 
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scriptions of Wimania and Axelia. But however this may be, the internal 
carotid of either side lies along the external surface of the wall. 

In embryos of the non-siluroid Teleostei the conditions are probably 
similar to those in the Holostei, for Stéhr (1882) describes, in early embryos 
of Salmo salar, an independent cartilage which must be a polar cartilage, 
lying between the trabecula and parachordal. This cartilage is said by him to 
fuse first with the parachordal and then with the trabecula, and it is evidently 
represented, in the descriptions of these fishes by other authors, in the so-called 
anterior prolongation of the parachordal. In an 11mm. embryo of Salmo 
trutta, Dohrn (1886) shows these three cartilages already fused to form a 
continuous bar, and the internal carotid artery runs forward beneath that part 
of this bar apparently formed by the polar cartilage, there receives the efferent 
mandibular (pseudobranchial) artery, and then turns upwards through the 
space enclosed between the trabecular portions of the bars of opposite sides. 
Up to this point, the carotid is not at any point connected with its fellow of 
the opposite side either by anastomosis or commissure, the conditions in these 
embryos thus being similar to those in the Holostei. 

In the adults of all of the non-siluroid Teleostei that I have examined, the 
conditions are markedly different from those ahove described in trout embryos, 
for, in later stages of development of all these fishes a certain portion of the tra- 
beculo-parachordal bar undergoes resorption, this resorption apparently involv- 
ing either the polar cartilages alone, or portions of the adjoining ends of those 
cartilages and the trabeculae. Associated with this, and with the development 
of a ventral myodomic compartment, the internal carotids are pressed together 
in the median line there to fuse with each other as they run upwards in the 
median vertical myodomic membrane, and the efferent mandibular arteries 
lose their primitive connections with the internal carotids and become connected 
with each other by cross-commissure. These connections of these arteries are 
shown by Dohrn (1886) in an 18 mm. embryo of Salmo trutta, the anastomosis 
of the internal carotids lying anterior to the hypophysis, and apparently 
anterior also to the point where the carotids were primarily joined by the 
efferent mandibular arteries. The anastomosis between the carotids of these 
fishes is thus quite certainly not the homologue of the anastomosis in the 
Piagiostomi. The further course of the internal carotid is not given in advanced 
stages of Salmo, but in such stages of several others of the non-siluroid Teleostei 
that I have examined (Allis, 1919), the internal carotid, distal to its anasto- 
mosis with its fellow of the opposite side, separates into anterior and posterior 
divisions, and the anterior division runs forwards in the dense fibrous tissue 
which forms both the dorsal edge of the interorbital septum and the floor 
of the corresponding part of the cranial cavity, and only enters the latter 
cavity after it reaches the region of the optic chiasma, that being the region 
in which the main artery enters the cranial cavity both in the Plagiostomi 
and the Holostei. 

In the Siluridae somewhat different conditions exist. In a 10 mm. embryo 
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of Amiurus, Kindred (1919) shows the trabecula and parachordal of his 
descriptions already fused to form a single continuous piece, and a polar 
cartilage must be included in it. The internal carotid runs upwards through 
a notch in the mesial edge of this continuous bar, this notch being said to 
lie in or about the middle region of the orbit, and hence certainly anterior 
to that part of the trabeculo-parachordal bar that corresponds to the polar 
cartilage. In a 32 mm. larva the condition of these arteries is apparently 
similar to that which I have described in the adult (Allis, 1908 b), for Kindred 
says (l.c. p. 35): “In the younger stage the internal carotid artery enters the 
cranium internal to the trabecula, but now it has a different relation. This 
blood vessel enters a rete mirabile, lateral and posterior to the optic foramen, 
and a branch to the internal part of the cranium enters through the posterior 
part of the optic foramen. The external carotid enters the cranium as before, 
between the branches of the trigeminal nerve.” 

The conditions in embryos of Amiurus between the two stages above 
referred to, are not given by Kindred, but it is evident that, during this interval, 
the internal carotid has cut through the trabeculo-parachordal bar in the 
region of the fusion of the trabecula with the polar cartilage. How this has 
taken place is not indicated, but it is said (l.c. p. 37) that the trabeculae of 
the 32 mm. larva “are no longer continuous bars from the ethmoid plate to 
the parachordal plate, but half-way between those regions a part of each has 
been resorbed and parasphenoid and suprasphenoid ossifications have replaced 
it by growth dorsally into this region, forming the posterior margin of the optic 
foramen and part of the margin of the trigemino-facial foramen.” 

During this process of resorption of the cartilage, and its replacement by 
bone, the internal carotid must have slipped outwards to the external surface 
of the cranium, the artery thus cutting through the cartilage in a manner 
strictly comparable to that described by Gaupp (1893, p. 403) for the corre- 
sponding artery in Rana. The same result would evidently have been attained 
if, in a fish where the conditions were as in the 8 mm. embryo of Amia described 
by Pehrson, the secondary fusion of the trabecula with the mesial corner of 
the polar cartilage were to persist, and the primary fusion, with the lateral 
corner of that cartilage, be resorbed. The point where the artery of Amiurus 
finally enters the cranial cavity is, it is to be noted, approximately the same 
as in the other fishes above referred to. That the external carotid of this fish 
should enter the cranium with the branches of the nervus trigeminus, as 
stated by Kindred, seems unusual. 

In a 75 mm. specimen of Polypterus, I found the carotid artery running 
forwards along the external surface of the cranium until it reached the optic 
foramen, and there entering the cranial cavity immediately posterior to the 
optic nerve (Allis, 1908 a); and Budgett (1902) shows the artery in a similar 
position in a 80 mm. embryo of this fish. The artery in this case passes dorsal 
to the trabecula to enter the cranial cavity, as it doés in advanced stages of 
Amiurus, but there is nothing in the two stages of Polypterus to indicate that 
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the artery has cut through the trabeculo-parachordal bar, as it has in Amiurus. 
Earlier stages in the development of this fish must be known before this course 
of the artery can be properly accounted for. 

In an embryo of Ceratodus of stage 48, Greil (1913) shows the internal 
carotid, after receiving the efferent mandibular artery, crossing the ventral 
surface of a part of the trabeculo-parachordal cartilage that corresponds 
strictly in position to the polar cartilage of the fishes above referred to. The 
artery then turns upwards along the mesial edge of the trabecular part of the 
bar and is connected with its fellow of the opposite side by a cross-commissural 
vessel which lies posterior to the hypophysis and apparently dorsal to the 
anterior end of the parachordal plate, the conditions thus being strictly similar 
to those in the 11 mm. embryo of Salmo trutta described by Dohrn excepting 
in the position of the cross-commissural vessel between the carotids of 
opposite sides. 

In higher vertebrates, the polar cartilages have been described in certain 
Aves and Mammalia. In the chick and duck the conditions, as described by 
Sonies (1907), are strictly comparable to those in certain fishes, excepting in 
the presence of a so-called processus infrapolaris which projects posteriorly 
from the dorsal end of each polar cartilage, ventral to the internal carotid 
(lateral dorsal aorta), and in certain Aves fuses, posterior to that artery, with 
the parachordal plate. This process and the dorsal end of the polar cartilage 
of these vertebrates thus have to the internal carotid (lateral dorsal aorta) 
exactly the same relations which the two fusions of the polar cartilage of 
Acanthias, with its fellow of the opposite side, have to the same artery, the 
only difference being that in the one case processes of the polar cartilages fuse 
with the parachordal, while in the other they fuse with their fellows of the 
opposite side; and this is evidently related to the absence of a circulus 
cephalicus in the one and its presence in the other. The ventral of these two 
fusions represents the primitive relation of the cartilage to the internal carotid 
(lateral dorsal aorta), and if it alone were to persist, the artery would pass 
lateral and then dorsal to, instead of ventral and then mesial to the tra- 
becula, as already suggested in one of my earlier works (Allis, 1919). 

In Talpa, as described by Noordenbos (1905), there is, in early stages of 
development, a Y-shaped cartilage between the polar cartilages and the para- 
chordal plate, this cartilage representing that fusion of the polar cartilages 
of Acanthias lying dorsal to the internal carotids. 

The relations of the internal carotid and efferent mandibular arteries of 
the gnathostome vertebrates to the polar and trabecular cartilages thus 
strongly suggest that those cartilages are, respectively, the pharyngeal elements 
of the mandibular and premandibular arches, and if this be so it would seem 
to follow that the epal element of the premandibular arch, or at least its 
proximal portion, is represented in the palatine process of the palatoquadrate, 
that is, in that part of the latter cartilage that lies anterior to its orbital 
(palato-basal) process. The antorbital wall would then probably have been 
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developed from tissues that are serially homologous with those that give 
origin to the hyomandibula in the hyal arch of the Teleostomi, and, in the 
mandibular arch, to the lateral wall of the trigemino-facialis chamber; and 
the fact that the dorsal end of the antorbital wall fuses with the dorsal end 
of the dorso-anteriorly directed alisphenoid cartilage, derived from the pre- 
mandibular somite, is suggestive of such an origin. The prechordal portion 
of the chondrocranium, exclusive of the sense-organ capsules, would then be 
wholly of visceral-arch origin, and the enclosure within it of any portion of 
the brain would be a secondary adaptation. 

The chiasma-ridge is generally considered to mark the anterior end of the 
floor of the brain of the adult vertebrate, but Kingsbury (1920) contends that 
this ridge simply marks the anterior end of the embryonic neural plate, the 
actual floor-plate of the brain ending, considerably posterior to it, at the fovea 
isthmi, which lies, in the adult, slightly posterior to the central point of the 
summit of the plica encephali ventralis. The floor-plate of the brain and the 
notochordal plate are said by him to have been primarily coextensive. 

All that part of the ventral surface of the adult brain that lies between the 
fovea isthmi and the chiasma-ridge must therefore have formed, primarily, 
some part of the anterior surface of the brain, and quite probably the whole 
of it, and the conditions in recent vertebrates show conclusively that this 
anterior surface of the brain swung downward and forward over the tip of 
the notochord until it came in contact with the pharyngopremandibulars 
(trabeculae). This gave rise to the plica encephali ventralis, and when the 
pharyngopremandibulars later swung upward into the plane of the parachordals, 
the brain was bent upward and backward and so gave rise to the marked 
curvature (Briickenbeuge) found in many vertebrates at the base of the 
posterior limb of the plica. 

The anterior surfaces of the brain and pharyngopremandibulars were 
certainly, at this early period, covered externally by a layer of ectoderm but 
slightly separated from them. The middle point of the transverse line separating 
these two ectodermal surfaces lay in close proximity to the infundibular region 
of the brain and to the dorsal surface of the anterior end of the archenteric 
cavity, and it must have already acquired relations to the infundibular tissues, 
thus forming the beginnings of the hypophysis. As the anterior surface of the 
brain then swung downward and forward to acquire contact with the pharyngo- 
premandibulars, the related cerebral and visceral-arch ectodermal surfaces 
must either have been pushed bodily away from the underlying structures, 
or have been folded, hinge-like, one upon the other, and in either case the 
hypophyseal tissue would have been held in place by its acquired relations 
to the infundibulum and hence have given rise either to a short hypophyseal 
pit, or to a solid cord of ectodermal tissue. That the hypophyseal pit or cord 
could have been developed after the chiasma-ridge had acquired contact with 
the pharyngopremandibulars, seems wholly improbable, for in that case an 
undifferentiated portion of the ectoderm would have had to start out from a 
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relatively distant point—in Amia close to the neuropore (Reighard and Mast, 
1908)—either by invagination or solid ingrowth, to seek and find certain 
nervous tissues with which it had to become associated in order to establish 
its own special and particular function. 

The hypophyseal pit would have lain, at this period, wholly antero-dorsal 
to the pharyngopremandibulars (trabeculae), with its external opening in the 
region of the chiasma-ridge, and there lying between ectodermal surfaces 
that cover, the one that part of the external surface of the brain that lies 
between the chiasma-ridge and the neuropore, and the other that part of the 
external surface of the anterior end of the branchial chamber that lies ventral 
to the outer ends of the pharyngeal elements. The snout had not as yet been 
developed; and, as the nasal epithelium develops in relation to it, and it 
encloses the anterior portions of the trabeculae, it is evident that it contains 
tissues derived both from the cerebral surface just above referred to—which 
may be called the frontal surface—and from the visceral-arch surface. The 
dorsal edge of the latter surface lies postero-ventral to the opening of the 
hypophyseal pit. In order that the pharyngopremandibulars and the tissues 
related to them could take part in the formation of the snout, they would 
accordingly have to grow forward either ventral or lateral to the pit. In 
the former case the pit would be gradually deepened by the progressive 
coalescence of its edges, and might readily be prolonged until its external 
opening reached the ventral edge of the neuropore, this giving rise to the 
conditions actually found in the Cyclostomata and Ganoidei; and that the 
pit was here quite certainly formed by the gradual coalescence of its edges, 
and not by invagination, would seem to be shown by its development in 
Petromyzon, for the slight indentation in the ectoderm that there marks its 
first appearance lies in the region of the optic recess, and not near the neuropore 
(von Kupffer, 1894). When the visceral-arch tissues passed lateral to the hypo- 
physeal pit, they would have fused again immediately beyond it, the opening 
of the pit then lying ventral to the plane of the trabeculae, and ultimately in 
the stomodaeum, as it does, so far as I can find described, in all vertebrates 
excepting only the Cyclostomata and Ganoidei. 

When, under this assumption, the pharyngopremandibulars grew forward 
lateral to the hypophyseal pit, they would either be carried, by this growth, 
bodily forward beyond the pit, or be pushed there by a correlated growth of 
the pharyngomandibulars (polar cartilages), the pharyngopremandibulars 
then fusing with each other beyond the pit and so forming the anterior wall 
of the pituitary fossa; and, whether they passed lateral or ventral to the pit, 
they would drag after them the epipremandibulars (palatine processes). The 
epimandibulars (palatoquadrates) would undergo a correlated anterior pro- 
longation and fuse with the distal (hind) ends of the epipremandibulars to form 
the palato-pterygoquadrates, this giving rise to the well-known maxillary 
processes of vertebrate embryos. Whenever, in this process, the palato-pterygo- 
quadrates did not retain fixed articular relations with the pharyngopre- 
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mandibulars (trabeculae), the maxillary processes of opposite sides would 
meet and fuse in the median line anterior to the hypophyseal pit, and so form 
the entire primary upper edge of the mouth, as occurs in the embryos of certain 
vertebrates; but whenever this articular relation was retained, the maxillary 
processes would not so meet in the median line, fusing, instead, with either 
the frontal or nasal processes, derived from the frontal ectodermal surface. 
In the latter case, the median portion of the upper edge of the mouth would 
nevertheless quite certainly be formed by tissues related to the epipre- 
mandibulars, for that part of the palato-pterygoquadrate of the Teleostomi 
that corresponds to the palatine processes of the Selachii lies anterior to 
the ridge that forms the hind edge of the surface of articulation with the 
ectethmoidal (antorbital) process, and a certain median portion of it, which 
primarily formed the median portion of the upper edge of the mouth, was quite 
certainly later detached and finally resorbed (Allis, 1914). The frontal and 
nasal processes are derived from the frontal ectodermal surface and take no 
part in the formation of the primary upper edge of the mouth. 

In the Ganoidei there is an adhesive organ on the anterior end of the 
snout, formed of two organs, one on either side. The fundament of this organ 
first appears, in Amia (Rieghard and Phelps, 1908), as a crescent-shaped and 
elevated area which lies directly in front of the optic vesicles and forebrain, 
and directly external to a dorsally directed diverticulum of the archenteric 
cavity. The crescent-shaped area later separates into three hemispherical 
protuberances, a median one called the button, and two lateral ones which 
form the fundaments of the two adhesive organs. The hypophysis lies between 
the button and the anterior surface of the brain, and the stomodaeum anterior 
to the button and the two lateral protuberances. From the dorsal wall of the 
short foregut three diverticula arise, the median one related to the button 
and the lateral ones to the two adhesive organs. The button later disappears 
by a process of transformation into mesoblast, but the diverticula related to 
the adhesive organs ultimately break through to the external surface: and 
Reighard and Phelps express their belief that these diverticula are homologous 
with the so-called anterior head cavities of selachian embryos. 

In Acipenser, a part of the fundament of the adhesive organs is shown by 
von Kupffer (1893) lying in the median line antero-ventral to the hypophysis, 
the primitive conditions in this fish thus apparently being similar to those in 
Amia. In embryos of Polypterus, two adhesive organs are shown by Kerr 
(1908), but they lie one on either side of the stomodaeum, instead of on the 
anterior end of the snout, and nothing is said as to their having been primarily 
connected by a median button. Kerr however says that in occasional embryos 
the two organs are found fused with each other in the median line, but it is 
not said on which side of the hypophysis the organs then lie. When the organs 
are not fused the hypophysis lies between them, in the stomodaeum. 

It thus seems probable that it is the fusion, in the median line, of the 
fundaments of the adhesive organs of opposite sides that causes the displace- 
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ment of the hypophysis in the Ganoidei, and this is exactly what might be 
expected under the theory here proposed, for, as the hypophysis lies between 
the fundament of the organ and the anterior end of the brain, the fundament 
must have been developed in what I have called the visceral-arch tissues, and 
if the central point of the fundament, the button of Reighard and Phelps’ 
descriptions of Amia, persisted until after the snout had begun to be developed, 
the visceral-arch tissues could not readily have separated in the median line 
in order to pass on either side of the hypophyseal pit, while if the button had 
been dispersed at an earlier stage they could have so separated. 

In Petromyzon no adhesive organs have been described, so far as I know, 
but the upper lip of this fish has been compared to that part of the snout of 
the Ganoidei that bears these organs, and the external opening of the hypo- 
physis lies close to the neuropore. 

The arteria cerebralis was probably sent upward, primarily, along the 
anterior edge of the premandibular somite, and it is apparently a serial 
homologue of the cerebral branches of the intervertebral arteries related to 
more posterior somites, but as that part of the brain to which it is related 
projects forward beyond the anterior opening of the chordal portion of the 
cranium, the artery has followed it, and accordingly, in all the fishes above 
considered, first enters the central cerebral cavity in the region of the optic 
chiasma. 

If the epipremandibulars are the palatine processes of the palatoquadrates, 
as here suggested, the dorsal portions, at least, of the mandibular clefts could 
not have been utilized to form part of the buccal opening, and if these portions 
of the clefts persisted as evaginations of the foregut, they would probably be 
represented in the diverticula related to the adhesive organs. 
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THE BLASTOCYST OF THE DOG 


By O. VAN DER STRICHT. 


In a previous paper!, based on my own investigations and those of my 
pupils, I have emphasised the importance of studying the structure of the 
ova of mammals during all stages of ovogenesis. The morphology of the yolk 
is characteristic for each species and does not undergo any fundamental change 
by fertilisation. Hence the hereditary substratum, involving the morphological 
characters of a species, depends exclusively, in my opinion, on the female 
sexual cell. 

With regard to the dog, the characteristic structure of the yolk is due to 
the peculiar arrangement of chondriomites and chiefly to the extraordinary 
abundance of fat granules. On the present occasion, I wish to demonstrate 
how long this structure persists in the young embryo and at the same time 
to describe briefly four successive phases of development of the blastocyst. 

During the first two stages, the cytoplasm of the embryonal cells remains 
laden with fat granules; in the trophoblastic elements, the lipoid granules 
persist only in the endoplasm of the cells and disappear in the broad zone of 
exoplasm. Duri.:g the last two stages, the granules gradually diminish in 
number and diameter, namely towards the internal pole of the embryonal 
ectoblastic cells and also in the trophoblastic elements. 

This morphology, as is shewn in my photographs, is clearly visible not only 
during ovogenesis and segmentation but also in the blastocysts. Photographs 
of the external surface of the entire blastodermic vesicle shew a layer of 
flattened cells, made up of a clear nucleus, a perinuclear endoplasm zone, 
dotted with fat granules and a large clear zone of exoplasm, destitute of 
lipoid globules. At first sight there seem to exist broad intercellular spaces. 
This picture of the trophoblastic wall resembles that given by J. P. Hill 
for Dasyurus (figs. 27-80, Pl. 8, Quart. Journ. Micros. Sci. vol. 56). A solution 
of nitrate of silver however renders evident, in black, the lines of intercellular 
cement and demonstrates that no real but only very small and few gaps are 
present. 

In photographs of stained sections across the embryonal region of the 
blastocysts are visible the unilaminar trophoblastic layer and the inner cell- 
mass, In the first stage of development, this latter is a convex knot, attached 
to the inner surface of the trophoblast and projecting into the fluid of the 
blastodermic cavity. As the result of the increasing high pressure of this 
liquid, the knot gradually becomes flattened out. 


1 OQ. van der Stricht: “Etude comparée des ceufs des Mammiféres,” C, R, de Assoc. des 
Anatomistes, 17¢ Réunion (Gand, 1922). 
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At this early stage of development, the blastocyst is unilaminar in its 
extra-embryonal region and didermic in its formative region. At a second and 
later stage it becomes monodermic also in the latter region. Indeed by pressure, 
the knot compresses and gradually repels laterally, outside the embryonal 
pole, the overlying cells of Rauber’s layer. Eventually the knot is intercalated 
within the unilaminar layer of the blastocyst which is now everywhere mono- 
dermic. This stage recalls that of Marsupials (J. P. Hill). 

A third following phase is characterised by the appearance of virtual 
hypoblastic elements. As the embryonal layer or knot flattens out, it becomes 
thinner and a few small cells seem to be forced or compressed towards its 
inner surface, next the blastocyst cavity; these give rise to the lecithophore 
or hypoblast which is now virtually laid down. Some of these cells extend on 
to the inner surface of the neighbouring trophoblast. But if the internal 
pressure ceases, as happens when the wall of the blastocyst is torn before pre- 
servation, the didermic embryonal mass becomes monodermic again, because 
the delamination of the lecithophore was not yet completed. 

At a fourth stage, the hypoblastic elements are absolutely independent and 
separated from the ectoblast. They form a layer of flattened cells which sooner 
or later become columnar in the future cephalic half of the embryonal area. 
In this way, the latter acquires its bilateral symmetry. At the same time, 
hypoblastic elements continue to extend on the inner surface of the tropho- 
blast. The blastocyst becomes didermic everywhere. 

No definite statements can be given as to the precise diameter of the various 
stages of development. I am only able to state that generally blastodermic 
vesicles of the first stage vary in diameter from 0-20 to 0-30 mm., those of 
the second stage, from 0-30 to 0-40 mm., those of the third stage from 0-70 
to 0:80 mm., and those of the fourth stage from 1 to 1-5 mm. There is much 
variation, dependent probably on the size of the dog, on the occurrence of 
more or less advanced phases in the same mother, and even on injuries suffered 
by the living blastocyst prior to preservation, 
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THE LOBE OF THE AZYGOS VEIN 
NOTE ON TWO ADDITIONAL CASES 


By JOHN CAIRNEY, M.B., Cu.B. (N.Z.), 
From the Anatomy Department of the University of Otago, N.Z. 


Dorrne the past few years there have been observed in the dissecting-room 
of this department two cases of abnormal lobation of the right lung; one case 
occurred in November, 1918, and the other in November, 1921. In each 
instance the anomaly consisted in what has been variously termed by different 
writers the lobe of Wrisberg, the azygos lobe, and the lobe of the azygos vein, 
i.e. a lobe cut off from the upper and medial part of the lung, above the hilus, 
by a fold of parietal pleura containing the vena azygos major. Fig. 1 repre- 
sents a photograph of a cast of the lung of the second case; the vena azygos 
major is shown occupying the base of the fissure which separates the lobe of 
the azygos vein from the rest of the lung. 

This type of anomaly has been described by a number of writers since 
Wrisberg, who described the first recorded case in 1778. In 1919, E. Philip 
Stibbe, writing in the Journal of Anatomy, described a case which he had 
observed, and collected 22 other cases from the literature. I follow Stibbe in 
using the term “lobe of the azygos vein,” which was also used by Dévé. 

Although the anomaly appears to be rare, accurate descriptions have been 
given by most of the previous writers to whose papers I have access, and the 
general features are apparently sufficiently well recognised to render further 
complete descriptions unnecessary. The condition is described by Charpy in 
his account of the venous system in Poirier and Charpy’s T'raité danatomie 
humaine, under the heading of “‘ Passage de l’azygos dans une scissure pul- 


monaire.”’ 
PARTICULARS OF CASES 


Stibbe, in his paper already referred to, tabulated all the cases which he 
had collected under a series of headings which showed the points of resemblance 
and of difference. I therefore present, under practically the same headings, 
the particulars of the two further cases which I have seen. 


Case I 


Subject: Male aged 84. 
Position of fissure: Vertical, cutting the apex of the lung. 
Depth of fissure: Practically to the hilus. 
4, Level at which vena azygos major deviates to the right before entering 
the fissure: Not recorded. 
5. Termination of vena azygos major: Normal. 
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6. Remarks: The lobe measured approximately, from above down 8 inches, 
from before back 14 inches, from within out 1} inches. Its apex was at the 
level of the 7th cervical vertebra, and at the same level as the apex of the rest 
of the lung. 





Fig. 1. Cast of the right lung of Case II, as seen from the medial side. The cut end of the vena 
azygos major is seen in the fissure between the lobe of the azygos vein and the rest of the 
upper lobe. 

Fig. 2. Cast of the eparterial bronchus and its branches in Case II, as seen from the medial side, 
showing the primary division into horizontal and vertical branches. Of the vertical branches, 
A and B are the two branches directed towards the main apex of the lung, and C is the branch 
which enters the lobe of the azygos vein. The vena azygos major is shown lying transversely 
between branch C on its medial side and branches A and B on its lateral side. 

Fig. 3. Cast of the right lung of a porpoise, as seen from the medial side. The vena azygos major 
is shown occupying the fissure between the lobe of the azygos vein and the rest of the upper 


part of the lung. 
Case II 


1. Subject: Adult male. 

2. Position of fissure: Vertical, cutting the apex of the lung. 

3. Depth of fissure: To about midway between the apex of the lung and 
the hilus. 

4. Level at which vena azygos major deviates to the right before entering 
the fissure: 5th thoracic vertebra. 

5. Termination of vena azygos major: Ends by joining the lateral aspect 
of the right innominate vein at the level of its junction with the left innominate 
vein. 
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6. Remarks: 

(i) The lobe measures approximately, from above down 1? inches, from 
before back 1} inches, from within out } to ? inch. 

(ii) The right internal mammary vein joins the ventral aspect of the right 
innominate vein at the same level as the vena azygos major joins its lateral 
aspect. 

I also append, as far as possible, similar particulars of a case recorded by 
Fischer in 1899, but not included in the table given by Stibbe. 

1. Subject: Male aged 58. 

2. Position of fissure: Not definitely stated. It is, however, stated, in 
different parts of Fischer’s paper, that the lobe was directed inwards as well 
as upwards; that the lobe was given off from the medial aspect of the main 
upper lobe; and that the apex of the lobe was situated one vertebra lower than 
the apex of the main upper lobe. From these statements it is assumed that the 
fissure cut the medial surface of the lung below the apex. 

8. Depth of fissure: About 5 cm., its base being at the level of the 4th 
thoracic vertebra. 

4. Level at which vena azygos major deviates to the right before entering 
the fissure: 4th thoracic vertebra. 

5. Termination of vena azygos major: Figured as opening into superior 
vena cava just below the union of the two innominate veins. 

6. Remarks: 

(i) The lobe measured, from above down 5 cm., from before back 4 cm., 
from within out 2 cm. 

(ii) The middle lobe of the lung was unusually small, and less sharply 
marked off from the upper lobe than usual. 


POSITION OF THE FISSURE 


In the course of a discussion on the features of all the cases collected by 
him, Stibbe pointed out that, as regards the position of the fissure separating 
the lobe of the azygos vein from the rest of the lung, the cases might be 
divided into three types, viz. type a, in which the fissure cuts the lateral surface 
of the lung below the apex; type b, in which the fissure is practically vertical 
and cuts the apex; type c, in which the fissure cuts the medial surface below 
the apex. Stibbe further showed that, in 19 cases in which the position of the 
fissure was mentioned, type a occurred in 9 cases, type b in 5, and type c in 5. 

The two cases which I have seen are both of type b, and Fischer’s case 
appears to have been of type c. The addition of these three cases to those men- 
tioned by Stibbe gives, for a total of 22 cases, 9 cases of type a, 7 cases of type 
b, and 6 cases of type c. To a slight extent this bears out the suggestion made 
by Stibbe that probably a larger number of cases will show more nearly equal 
numbers in each of the three groups. 
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THE BRANCHING OF THE EPARTERIAL BRONCHUS IN ONE CASE 


In the second case observed in this department, the eparterial bronchus 
and its branches were dissected out as far as possible. A cast of this bronchus 
and its branches is represented in fig. 2. Briefly, the arrangement found was 
as follows. 

The eparterial bronchus, after a very short course, divides into three 
branches, two in the horizontal plane and one ascending vertically. 

Of the two branches in the horizontal plane, the anterior almost imme- 
diately divides again into two. Thus are produced in all three branches in the 
horizontal plane. Of these the anterior one is directed ventrally, while the 
other two are directed laterally. The two branches directed laterally are not 
evident in the figure. 

The vertical branch, on being traced upwards, divides into: 

(a) A branch directed upwards, forwards, and outwards towards the main 
apex of the lung (marked 4 in the figure). 

(b) A branch continuing a vertical course definitely medial to the other. 
It gives off a smaller branch (B in the figure) directed upwards, backwards, 
and outwards towards the main apex, and then itself (C in the figure) enters 
the lobe of the azygos vein. It presents a slight curve, the concavity of which 
corresponds to the position of the vena azygos major at the base of the fissure. 

Thus the first vertical branch of the eparterial bronchus gives place, after 
a certain distance, to three branches; of .these, one (marked C), directed 
upwards medial to the other two, supplies the lobe of the azygos vein, while 
the other two (4 and B) pass towards the main lung apex. This practically 
corresponds to the condition found by Geddes and others, who state that, in 
their cases, the eparterial bronchus gave off three branches directed towards 
the apex of the lung, of which the medial one supplied the lobe of the azygos 
vein. It differs, however, from the arrangement described by Matthews, in 
whose case two distinct branches entered the lobe of the azygos vein. 


THE OCCURRENCE OF THE LOBE OF THE AZYGOS 
VEIN IN THE PORPOISE 

Certain of the previous writers on the subject have mentioned the presence 
of the lobe of the azygos vein in the porpoise. Allen in 1882 mentioned having 
seen the condition in a porpoise, but regarded it as “problematical whether 
this state of matters is the rule or the exception.” Matthews in 1898 wrote as 
follows: ‘‘ Allen reports finding a portion of the upper lobe of the right lung in 
a porpoise, constricted by the vena azygos major, but there does not appear 
to be any other recorded case of a similar condition in animals.” Geddes in 
1910 expressed the opinion that the condition was “frequent if not constant 
in the porpoise.” while Holtby in 1915 stated that he had been informed by 
Waterston that the condition is constant in the porpoise. 
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In a porpoise dissected here recently, a lobe of the azygos vein was definitely 
present in the right lung, while the left lung showed no corresponding lobe. 
Fig. 3 represents a cast of the right lung in this particular case. 


SUMMARY 


1. Stibbe in 1919 collected 28 cases of the anomaly known as the lobe of 
the azygos vein, and tabulated the various points of resemblance and of 
difference. Three further cases are here presented, two of which represent 
personal observations, while the third is a case described by Fischer in 1899, 
but not included in Stibbe’s series. The particulars of these cases are shown 
under headings similar to those proposed by Stibbe. 

2. The position of the fissure with regard to the apex of the lung is briefly 
discussed. Of the 26 cases of which particulars are now available, the position 
of the fissure appears to be determined in 22. Of these, the fissure cuts the 
lateral surface of the lung below the apex in 9 cases, is practically vertical 
and cuts the apex in 7, and cuts the medial surface below the apex in 6. 

8. The branching of the eparterial bronchus in one case is described, the 
general arrangement corresponding to that found by certain previous writers 
upon this subject. 

4, Reference is made to the occurrence of the lobe of the azygos vein in 
the right lung of the porpoise, and a cast of such a lung is figured. 


In conclusion I wish to record my thanks to Dr W. P. Gowland, Professor 
of Anatomy in the University of Otago, for permission to publish the two 
cases which have occurred here, as well as for many valuable suggestions in 
the preparation of this paper. 
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ON THE MUSCULAR ARCHITECTURE OF THE 
VERTEBRATE VENTRICLE 


By RALPH FAUST SHANER, Pu.D., 
University of Alberta, Edmonton, Alberta, Canada 


Usine a new method of dissection, J. B. MacCallum (1900) solved the old and 
baffling problem of the arrangement of the muscle fibres in the mammalian 
ventricle. After MacCallum’s untimely death, Mall (1911) applied the same 
method to the human heart. Although Mall’s paper is difficult to follow, his 
skilfully chosen and wonderfully executed drawings afford the best of dis- 
section directions; and with their help, we can now understand a structure 
that has perplexed anatomists from Vesalius onwards. 

The attention of anatomists has hitherto been directed almost entirely to 
the mammalian heart. Pettigrew (1864) is almost the only one who has 
attempted to unravel the hearts of other vertebrates. It seemed to me, there- 
fore, worth while to re-examine with modern methods the hearts of other forms; 
to see what resemblances or differences there are between the mammalian and 
bird heart, where the mechanical requirements are so similar; and to find out 
the relation of both to the hearts of the fish, frog, and reptile. 

I shall describe first the ventricle of the common fowl, pointing out its 
relations to the mammalian heart, and then take up each of the other forms 
in turn. 

VENTRICLE OF THE FOWL 

A detailed description of the gross anatomy of the bird heart can be found 
in various texts; that of Owen (1866) is very good. For the present study, 
the following peculiarities should be kept in mind. Thesmall chordaetendineae, 
which are attached to the two leaflets of the right atrio-ventricular valve, 
either sink at once into the muscular wall of the ventricle, or have very short 
papillary muscles. The right atrio-ventricular orifice is guarded by a large 
fleshy, lateral valve, which is quite different from the one found in mammals 
(fig. 5). No chordae tendineae are attached to it; the inner wall of the right 
ventricle is notably smooth. The right ventricle does not extend to the tip of 
the heart, and the apex is formed by the left ventricle alone. 

To make as clear as possible a most difficult subject, I will first describe 
the steps in the dissection of a single heart, after the manner of a dissecting 
manual, and then summarise with a formal description of the separate muscles. 

Hearts of the common fowl were preserved in 10 per cent. carbolic acid. 
To prepare for dissection, the hearts were soaked overnight in dilute acetic 
acid, and then allowed to simmer for fifteen minutes. The gentle heat toughens 
the muscle and softens the connective tissue. Boiling contracts the hearts too 
much, 

















60 R. F. Shaner 


Take a heart, prepared as above directed, and clean off the fat and peri- 
cardium under a dissecting microscope. The pericardium is tough, and the 
superficial heart muscle easily comes away with it. Snip off the aorta and 
pulmonary artery, and snip off or pull out the atria. The latter come off easily, 
for the atrio-ventricular connection is formed chiefly of connective tissue. 
Pick away from the apex the lump of fat invariably found there, and bring out 
the details of the vortex by judicious kneading, or with a dull probe. 

The base of the heart then appears as in fig. 1. From the four great orifices, 
whose general relations to each other are little different from the mammal, 
spring the superficial muscle fibres. In general, the fibres turn sharply and 
wind in a counter-clockwise direction over the heart surface (fig. 3). At the 
apex (fig. 2) the muscle fibres again turn sharply and pass into the interior of 
the left ventricle. In so doing they form a vortex, not unlike that of mammals. 
The vortex (fig. 2) is easily separable into a dorsal and a ventral horn. The 
fibres that arise from the dorsal aspect of the heart base (between A and B 
in fig. 1) sweep around the right ventricle and form the ventral horn. Those 
which arise from the ventral side of the base (between A and C in fig. 1) sweep 
around to the left and form the dorsal horn. Using Mall’s terminology, the 





Ventral 
Fig. 1. Base of fowl heart. x1}. A.B. sino-spiral muscle; A.C. superficial bulbo-spiral muscle; 
Ao. aorta; A.p. Pulmonary artery; O.a.v.d.s. right and left atrio-ventricular openings. 
Fig. 2. Apex of fowl heart. x 14. 


two groups of fibres can be named the sino-spiral and superficial bulbo-spiral 
muscles, respectively. The sino-spiral muscle arises chiefly from the right 
atrio-ventricular ring and is to be associated with the sinus portion of the 
heart. The superficial bulbo-spiral muscle arises from the ventral side of the 
heart base, and is to be associated with the aortic and pulmonary orifices—the 
bulbar portion of the heart. From that part of the base between B and C in 
fig. 1 arises fibres that pass as flat curves laterally over the right ventricle or 
which go to join either of the two chief muscles. They can be considered as a 
special part of the sino-spiral muscle, concerned with the right ventricle. 

To dissect, make a longitudinal incision not more than one millimetre deep 
on the dorsal surface, beginning at the cleft which separates the two horns 
of the vortex and then following the general direction of the fibres (fig, 3). 
Carefully peel away both flaps, freeing them from the base of the heart (fig. 4). 
The left flap should be freed for only a very short distance. The peeling off of 
the right flap will soon be stopped by a stout band of muscle (V.a.v.d. in fig. 4). 
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The right flap is made of sino-spiral muscle. It carries with it the ventral 
horn of the vortex. The sino-spiral fibres form also the basal two-thirds of the 
left flap; but the apical third is made of the superficial bulbo-spiral muscle, 
which.can now be seen to pass via the dorsal horn into the newly exposed 
deeper portions of the bulbo-spiral muscle. 

Return to the right flap. To peel it off any farther the stout muscle band 
(V.a.v.d. in fig. 4) must be cut across. With the further peeling of the flap 
the endocardium of the right ventricle tears, exposing the cavity of that 
ventricle (fig. 5). The medial wall of the right ventricle remains attached to 
the left ventricle, and the heavy muscle band which composes it (Z.v.d. in 
fig. 5) locks with the sino-spiral muscle of the right flap, and stops the peeling 
process for a second time. 

The nature of the muscle band just cut can now be realised. It forms the 
right atrio-ventricular valve (V.a.v.d. in figs. 4, 5, 6, 7)—a fleshy crescentic 
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Fig. 3. Dorsal surface of fowl heart. x14. A.B.C. as in Fig. 1. 

Fig. 4. Fowl heart. First stage of dissection. x1}. A.B. sino-spiral muscle; A.C. superficial 
bulbo-spiral muscle; Cu.d. dorsal horn of vortex; Cu.v. ventral horn of vortex; V.a.v.d. 
right atrio-ventricular valve. 

leaflet peculiar to the bird heart. Its fibres partially embrace the base of the 

left ventricle and merge with the other muscle bundles on the ventral and 

dorsal surfaces of the heart base. In such a way an extremely effective valve 
is formed. The more vigorous the general contraction of the heart, the more 
firmly the right atrio-ventricular orifice is shut. 

As already stated, the medial wall of the right ventricle is formed by a 
great longitudinal band (Z.v.d. in fig. 5) which at this stage of the dissection 
locks apically with the sino-spiral muscle. This longitudinal muscle of the right 
ventricle arises from all sides of the aorta, except that in contact with the left 
atrio-ventricular orifice. It passes spirally over the ventral surface of the left 
ventricle, and merges with that part of the superficial bulbo-spiral muscle 
which is cut in fig. 4. Its further course is that of the superficial bulbo-spiral 
muscle. 
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Fig. 5. Fowl heart. Second stage of dissection. x 1}. 
(Lettering as in Fig. 4.) 


AB. 

Fig. 6. Fowl heart. Third stage of dissection. x1}. A.B. sino-spiral muscle; A.C. superficial 
bulbo-spiral muscle; A.p. pulmonary artery; C.v.d. cavity of the right ventricle; L.v.d. 
longitudinal muscle of the right ventricle; V.a.v.d. right atrio-ventricular valve; X. deep 
bulbo-spiral muscle. 
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To peel off the right flap farther the longitudinal muscle of the right 
ventricle must now be cut near its origin. The right and left ventricles will 
then separate (fig. 6), the ventral horn of the vortex will then be completely 
unrolled, and the sino-spiral muscle can be seen to pass into the left 
ventricular cavity beneath the superficial bulbo-spiral muscle. 

When the left ventricle is unrolled as far as this stage of the dissection 
will permit (fig. 6) the internal portions of both the sino-spiral and superficial 
bulbo-spiral muscles will be found to be locked with a third band, which arises 
beneath both muscles and covers their internal portions. This third band 
(X in fig. 6) can be called the deep bulbo-spiral muscle. In so far as it has any 
fixed origin, it arises beneath the superficial bulbo-spiral muscle. Its fibres 


> 


Ae eee 
Fig. 7. Fowl heart. Fourth stage of dissection. x14. A.B. sino-spiral muscle; A.C. superficia 
bulbo-spiral muscle; A.p. pulmonary artery; C.v.d. cavity of the right ventricle; L.v.d. 
longitudinal muscle of the right ventricle; V.a.v.d. right atrio-ventricular valve; X. deep 
bu!bo-spiral muscle. 


form a closed ring, or hood, around the basal part of the left ventricle. Beneath 
the aorta, the deep and superficial bulbo-spiral muscle fibres blend rather 
intimately, and at all places the fibres of the deep muscle pass into the under- 
lying parts of the superficial bulbo-spiral and sino-spiral muscles. 

To display the deeper portions of the last two, it is necessary to cut across 
the deep bulbo-spiral muscle. When this is done, the left ventricle can be 
unrolled almost into a flat sheet (fig. 7). When the more or less circular deep 
bulbo-spiral muscle is pulled aside, one finds that the terminations of the 
two superficial muscles form an internal sheet, whose fibres run at right angles 
to the outer one. The sino-spiral fibres pass into the ventricle and form most 
of its inner wall. Groups of fibres project to form the small papillary muscles; 
the majority after partly encircling the ventricle, end along the atrio-ven- 
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tricular ring. The superficial bulbo-spiral muscle forms a quite distinct band, 
shown in fig. 7, which wraps around the terminal fibres of the sino-spiral 
muscle, sweeps around the right side of the ventricle, ‘and ends very largely 
at the root of the aorta. The two muscles form an internal investment for the 
left ventricular cavity which is complete on all sides save the left. There the 
separation of the horns of the vortex produces a definite cleft. If the termina- 
tion of the superficial bulbo-spiral muscle is cut from its attachment to the 
root of the aorta, the left ventricle can be unrolled into practically a flat sheet 
of muscle. 

It may be pointed out here, that the right ventricle is hardly more than a 
cleft between the longitudinal muscle of the right ventricle, i.e. the bulbo- 
spiral muscle, and the sino-spiral muscle. Its lateral wall is made up of the 
more circular fibres which arise between B and C in fig. 1, which are shown 
in part in fig. 3, and the fleshy valve of the ventricle already discussed. The 
inner surface of the right ventricle is perfectly smooth—there are no papillary 
muscles of any kind. 

The anatomy of the bird heart is, then, the anatomy of the left ventricle, 
and the muscles which form its walls are of two groups: 

1. Sino-spiral group: 
Sino-spiral muscle, 
Muscle of the right atrio-ventricular valve. 
2. Bulbo-spiral group: 
Superficial bulbo-spiral muscle, 
Longitudinal muscle of the right ventricle, 
Deep bulbo-spiral muscle. 

The sino-spiral muscle arises from the dorsal segment of the heart base. 
The chief mass of its fibres passes superficially and spirally to the apex, where 
they form the ventral horn of the vortex. The fibres pass into the heart, form 
most of the internal wall of the left ventricle, and pass spirally up toward the 
heart base. The fibres which do not form papillary muscles end along the left 
atrio-ventricular ring. 

A smaller group of fibres from the same general origin passes to the right in 
a roughly circular course, and constitute the lateral wall of the right ventricle. 

The muscle of the right atrio-ventricular valve can be considered as a 
special part of the preceding. Its fibres arise beneath the sino-spiral group on 
the dorsal side of the left ventricle and end on its ventral aspect, beneath the 
superficial bulbo-spiral muscle. 

The superficial bulbo-spiral muscle arises from the ventral segment of the 
heart base, and passes spirally to the apex, where it forms the dorsal horn of 
the vortex. From this point the fibres turn upwards, and course spirally between 
the deep bulbo-spiral muscle without and the sino-spiral muscle within to the 
root of the aorta. 

The longitudinal muscle of the right ventricle is at once the medial wall 
of that ventricle, and'a plirt of the bulbo-spiral muscle of the left. It arises 
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from the root of the aorta, winds apically over the ventral surface of the left 
ventricle and then joins the superficial bulbo-spiral muscle. 

The deep bulbo-spiral muscle is in the main a closed ring which surrounds 
the termination of the superficial muscles. It is the middle circular band of 
Pettigrew and others. Whatever fixed origin it has is beneath the superficial 
bulbo-spiral muscle. As in mammals, it varies greatly in development. In 
the Mallard duck it forms a very definite ring; but in many fowls it is hard to 
separate from the other bands. 

As Pettigrew long ago pointed out, the hearts of mammals and of birds are 
very much alike. A comparison of the drawings of this paper with those of 
Mall will bring home the great similarity. Evidently like mechanical needs 
have been met by like structural arrangements. The lesser development of 
papillary muscles in the left ventricle of the bird makes a difference which is 
more apparent than real, for a papillary muscle is, afterall, but a split off portion 
of the ventricular wall. The muscular valve of the bird’s right ventricle, although 
perfectly characteristic, is after all only a highly developed portion of the sino- 
spiral muscle which here winds circularly around the heart base in both classes. 
The longitudinal muscle of the right ventricle is far better developed in birds 
than in mammals, and shows its relation to the bulbo-spiral muscle much 
more clearly than in the human heart. In man, Mall was led to include it in 
the sino-spiral system, despite its typically bulbar origin. 

The avian heart muscle, taken as a whole, forms a sheet folded into a figure 
8. It is made of two spiral S-shaped segments, one superficial and one deep. 
The two portions are continuous at the heart apex; at the base, however, they 
do not unite as the figure 8 would suggest. When the heart contracts, each 
S-shaped segment shortens, and the blood is literally wrung out of the ventricular 
cavity. Such a contraction process is of course identical with that of the 
mammal, first figured by Borelli (1681). 


HEARTS WITH ONE VENTRICLE 


The hearts of the fish, amphibian, and reptile form a roughly graded series 
of increasing complexity, which can best be described by beginning with the 
simplest. As representatives of each class, I have chosen the lake or rock 
sturgeon, Acipenser rubicundus, from Lake Nipigon, Ontario; the leopard frog, 
Rana pipiens, widely used in physiological laboratories; and the turtle, Emys 
blandingii, likewise a common laboratory animal. All hearts were fixed and 
preserved in carbolic acid. Soaking in dilute acetic acid overnight is enough 
to prepare the fish heart for dissection; the others require no preliminary treat- 
ment, other than thorough washing. In all cases, dissection was constantly 
checked with serial microscopic sections cut in all three planes. 

Fish. The sturgeon heart is provided with a large conus arteriosus, the 
musculature of which is quite distinct from that of the ventricle. The conus 
consists chiefly (figs. 9 and 10) of a heavy external circular coat. Between it 
and the thick connective tissue intima can be foun”. a thin longitudinal muscle 
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layer. From the atrium there passes down into the ventricle, a thin layer of 
scattered muscle fibres which are embedded in the connective tissue of the 
atrial canal, and which join the major strands on the inner wall of the ventricle. 

If the fat is removed with great care the thin superficial muscle sheet can 
be identified (fig. 8). Its fibres form a sort of sling for the heart apex. They 
arise from the root of the conus and the adjacent part of the atrio-ventricular 
ring, and end on the same ring on the opposite side. 


Fig. 8. Heart of sturgeon (Acipenser rubicundus). Superficial muscle layer. x 1}. 
Fig. 9. Heart of sturgeon (Acipenser rubicundus). Circular muscle layer. x 1}. 
Fig. 10. Frontal section of sturgeon heart (Acipenser rubicundus). Dorsal view. x 1}. 


When the superficial sheet is removed, the external circular coat comes into 
view. This coat (fig. 9) is made of fibres whose general course is circular; that 
is, they run around the cone-shaped ventricle for variable distances. The layer 
is thickest at the atrio-ventricular orifice. The circular layer cannot be dissected 
off with any success, for its component fibres run in it for very short distances, 
and then dip into the deeper layer, from which they arise. A better idea of 
the deeper layer can be got from a section such as shown in fig. 10. 
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The innermost, and chief part of the ventricular wall, is a closely woven 
muscular basket. Its bottom forms the apex of the heart. Above there are 
two openings, at each of which the strands of the basket are gathered into 
great cylindrical sheets. At the conus orifice, the fibres are attached to the 
intima of the conus, or continue in part into the longitudinal musele layer of 
the conus. At the atrial orifice, the fibres pass in great strands over its lip out 
on to the ventricular surface. The strands pass out at various angles; any 
definite spiral direction such as appears in the turtle cannot be found in the 
fish. 

From all parts of the basket smaller strands pass out to form the circular 
layer already described. Any such offset can be seen in microscopic transverse 
section to approach the surface at right angles to it, and to divide into two 
or more circularly running strands. The latter make up the circular layer, and 
after a longer or shorter course again dip into the deeper basket layer. 


\\ 


Fig. 11. Heart of frog (Rana pipiens). Frontal section. Dorsal view. x7}. Co. conus; C.v. cavity 
of the ventricle; L.c. circular layer; O.v.a. atrio-ventricular opening; ¢. trabecula. 

Fig. 12. Heart of frog. Diagrammatic sagittal section. H.c. endocardial cushion; L.c. circular 
layer; ¢. trabecula. 


The heart of the sturgeon, as above described, is almost exactly like that 
of the salmon as given by Pettigrew. 

Frog. In the frog heart, no superficial layer such as appears in the sturgeon 
can be seen. The circular layer, which comes into view as soon as the peri- 
cardium is stripped off, is very much like the same layer in the fish (fig. 9). 
It is thinner—not more than one cell thick in these small hearts—and can 
best be described as a syncytial meshwork, the cells of which take a generally 
circular direction. 

The chief structure of the frog heart, as of the fish, is an internal muscle 
basket. From the basal half of the ventricular surface spring numerous 
muscle strands. These group into two sheets, placed along the ventral and 
dorsal margins of the atrio-ventricular orifice. A frontal section (fig. 11) dis- 
plays the ventral sheet. Each sheet divides into six or more trabeculae. The 
trabeculae branch, anastomose, inter-digitate, and form a dense and confusing 
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basket wall, which fills most of the ventricular cavity. From every part of the 
basket, slender offsets pass to the surface, continue for varying distances as 
components of the circular layer, and then dip back again into the underlying 
basket. 

The muscular basket, although much like that of the fish, is somewhat 
better organised. The fibres do not run so irregularly. Their course can be 
worked out in serial sections, Fig. 12, a composite diagrammatic sagittal 
section, shows their general direction and distribution. 

The free cavity of the frog ventricle is lined with a continuation of the 
atrial wall, the connective tissue of which thickens along the ventral and dorsal 
margins into two pearly white pads (fig. 12). The pads are not present in the 
sturgeon, but they reappear in the turtle. They seem to correspond to the 
endocardial cushions of the embryonic heart of the bird and mammal, and may 
be given the same name. 





Dorsal 


Fig. 13. Heart of turtle (Zmys blandingii). Dorsal view. x2. O.b. bulbar orifice; P. large ventral 
trabecula. 


Turtle. In the turtle, the slight amount of cardiac muscle that separates 
the atrial and bulbar orifices in the frog, disappears. The base of the heart is 
edged with a connective tissue collar, which is divided by a sort of bridge into 
atrial and bulbar openings. Each of these are secondarily subdivided; the 
atrial into two, and the bulbar into three orifices. Within the heart, along the 
ventral and dorsal sides, the collar bears large endocardial cushions. 

In passing, it may be pointed out that the atria of the turtle heart are lined 
with a layer of smooth muscle, which passes down through the atrial canal 
into the ventricle. The nature and extent of this peculiar layer has been 
described elsewhere (Shaner, 1923). 

To show the course of the ventricular musculature, the atria and the bulbar 
arteries must be cut away, the two openings made into one by cutting away 
the bridge which separates them, and the endocardial cushions removed. The 
ventricle then appears as in fig. 13. 
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The interior of the ventricle is lined with almost perpendicular trabeculae. 
From the oblong shape of the ventricle, the trabeculae naturally group them- 
selves into two sets, which can be called the ventral and dorsal groups respec- 
tively. In the drawing only the ventral set is shown; the dorsal set is quite 
like it. 

Both groups of trabeculae arise in the meshwork at the bottom of the 
ventricle, and pass upwards around the connective tissue collar. The fibres of 
the ventral trabeculae pass out along the ventral segment of the heart base 
on to the surface, turn spirally around to the left in a counter-clockwise 
direction, and spread out over the dorsal surface of the ventricle. In the same 
fashion the fibres of the dorsal trabeculae pass out to the right and cover the 
ventral surface and the keel-like apex of the ventricle. If a shred of muscle 
be picked up as it leaves the ventral trabeculae, it can be followed around the 
left shoulder of the ventricle on to the dorsal surface. There the fibres spread 
out, and end at various distances by passing into the depths and joining a 
dorsal trabecula. In the same way fibres of the dorsal trabeculae, as they 
pass over the ventral surface, end irregularly in one of the ventral trabeculae; 
or, if they run along the keel of the heart, end in either set of trabeculae 
without any special arrangement. 

The trabecula, which stands at the extreme right of the ventral series in 
the figure, is much larger than the rest, and stands like a pillar in the ven- 
tricular cavity, which it partially subdivides. Many of the fibres that compose 
it run up into the bulb, and are inserted in a little piece of cartilage (the 
ossiculum cordis of Bojanus), to which are attached the medial valves of the 
bulbar arteries. 

The fish and frog heart are much alike. Both are made of a circular outer 
and a longitudinal inner coat, the first of which contracts the transverse, and 
the second the longitudinal dimension of the conical ventricle. The ventricular 
cavity is squeezed somewhat like the bulb of a camera shutter, 

The turtle heart offers an interesting intermediate condition, in both 
structure and function. In its general simplicity of make-up, the turtle is but 
slightly removed from the ichthyopsidan ventricle. The chief structural 
advance is the spiral arrangement of the surface fibres, which at once suggests 
the bird and mammal. The large ventral trabecula of the turtle, which anchors 
the bulb and ossiculum cordis, may be related to the longitudinal bundle of 
the right ventricle in higher forms. When the heart contracts, there can be 
seen a distinct twisting, somewhat like that of the bird and mammal. 

In general the hearts of vertebrates fall into two classes, the ichthyopsidan 
and the bird-mammal class. The distinction is not absolute, for the turtle 
heart is intermediate, and other reptiles, especially the alligator and crocodile, 
may bridge the gap still further. In the absence of embryological evidence, 
the relation of the two classes is difficult to make out. Speculation would be 
interesting, but it is wiser to wait until the technical difficulties that bar the 
way to the study of the embryonic musculature are surmounted. 
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Note. My efforts to work out the embryology of the heart musculature have 
so far been balked by technical difficulties. Pig embryos were stained with 
Mallory’s phosphotungstic acid haematoxylin, to bring out the myoglia 
fibrils, with the hope that these would serve to indicate the direction of the 
muscle cells. But the obliquity of such fibrils cannot be measured in serial 
sections. 

As one passes through the sections of the heart of a 12 mm. pig embryo, 
he finds a suggestive resemblance to the adult heart of the turtle. One other 
very curious fact was noted. The cardiac muscle of the 12 mm. pig embryo is 
already fully striated—at a time when all other muscle is still undifferentiated 
mesenchyma. 
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ON THE SEXUAL AND RACIAL CHARACTERS 
OF THE HUMAN ILIUM 


By D. E. DERRY, M.B., Cu.B., 
Professor of Anatomy, Medical School, Cairo 


Tue work upon which this paper is based was undertaken in the first instance 
with the idea of showing that certain characters of the human ilium visible to 
the eye and of value to the anatomist, as aids in sexing the bone, might also 
be measured, and so be of interest to the statistician. But as the work pro- 
ceeded it became evident that the influence of race had such an important 
bearing on the question that it was impossible to ignore it. In the following 
account which deals with measurements on the English hip-bones from the 
Whitechapel plague pits as well as bones from different periods in Egypt, and 
certain hip-bones from Dr Geo. Reisner’s excavations at Kerma in the Sudan, 
the various groups mentioned are dealt with separately. 

The results of the measurements obtained from the ilium justify us in 
considering this portion of the hip-bone to be of great sexual importance, while 
the racial factor appears to be of sufficient influence to necessitate the rigid 
separation of the different groups. 

At the outset a word must be said with regard to the sexing of the material. 

All the bones were sexed by means of the various features which experience 
has shown to be of the most value, and before any measurements were made. 
Objection has been taken to the fact that as we are measuring and comparing 
the very characters which we have previously employed as indicative of sex, 
and having segregated the bones according to these characters, we should 
naturally find them emphasised in the measurements. This is fair criticism 
and it follows that the only absolutely exact method of carrying out such an 
investigation would be to employ only those bones which have been taken 
from bodies of known sex. However no series such as Wingate Todd has 
collected is accessible to me, consequently we must either accept the ana- 
tomical verdict of sex for the great majority of the bones employed, or lose 
a large amount of material the sex of which can never be known with absolute 
certainty. 

Most of the bones measured for the present work came under the latter 
category, but a few pelves were obtained from mummies in which the sex was 
known either from names on the tombs or coffins, or from the preservation of 
the organs. In none of these, when the hip-bones themselves came to be 
examined, were the features chosen as characteristic of sex falsified, and the 
series forms therefore a valuable corroboration of the correctness of the 
methods employed in sexing. Nevertheless, as already stated above, none of 
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the measurements presently to be detailed, were employed in sexing the bones, 
this being done entirely by ocular appreciation of all the characters concerned. 
This is an easier task in the case of the hip-bone than in that of any other bone 
in the skeleton, because sexual function in the woman has impressed upon 
the bone features, which if not absolutely peculiar, are so much more pro- 
nounced in her sex, as to leave no doubt in the great majority of cases, 
concerning the sex of the individual to whom the bone belonged. 

In comparing typical male and female hip-bones it will be noticed that the 
great sciatic notch, or ilio-sciatic notch as it is better termed, differs markedly 
in the two sexes. In the man (fig. 1) the margins of the notch enclose a 
relatively deep and narrow excavation; in the woman (fig. 2) the posterior 
margin slopes backwards in such a way as to form a wide shallow arch in 
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Fig. 1 


striking contrast to that in the male. This difference in shape is associated 
with a difference in the position of the articular surface for the sacrum, and 
therefore of the sacrum itself, such that it stands further back in the pelvic 
cavity in the woman thus increasing the antero-posterior diameter of the 
pelvis. This implies a greater length of the iliac part of the ilio-pectineal line 
in women, and in conjunction with this there is a lessening in the extent of the 
rough area behind the auricular surface. These are well-recognised sexual 
characters and it remains to select suitable points from which to measure 
them. 

For this purpose two points are chosen. The first is situated on the ilio- 
pectineal line at the site of the original union of the os pubis and ilium, and 
may be called the pubo-iliac point (fig. 1); the second is on the anterior margin 
of the auricular articular surface where this approaches nearest to the pubo- 
iliac point, and is termed in the present paper the auricular point. As the 
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correct identification of the pubo-iliac point in every hip-bone to be measured 
is essential for an accurate comparison of the characters under consideration, 
a more detailed explanation of the method employed in finding it is necessary. 
Pubo-iliac point. In the large majority of adult hip-bones the original lines 
of union of the three constituent parts of the bone are obliterated, but a 
careful examination of hundreds of bones has shown that very fair accuracy 
may be obtained in identifying these lines if the following method is used: 
The original lines of union of the ischium with the os pubis on the one hand, 
and with the ilium on the other are often faintly visible on the pelvic surface 
of the bone. These two lines meet at a point just below the ilio-pectineal line 
and the continuation from here of the old line of junction across the brim of 
the pelvis can frequently be detected. When this is the case a small dot should 
be marked with a pencil on the ilio-pectineal line at the point where it is 
crossed by the faintly-marked original line of union of the ilium and the os 





Fig. 2 
pubis. If this is correctly done it will be found that the pencil mark is imme- 
diately opposite the deepest part of a depression in the acetabular rim. In 
many bones this notch in the rim is very pronounced and it also represents 
the place where the os pubis and ilium united. By this means therefore a 
double check on the true position of the pubo-iliac point is obtained. At times 
however it is impossible to detect any trace whatever of the line of union, and 
in such cases a line should be drawn from the notch in the rim of the aceta- 
bulum at right angles to the axis of this part of the ilium, the pencil dot being 
placed on the ilio-pectineal line, where the latter is cut by the line from the 
acetabulum. A further guide to the line of union is found in the fact that the 
bone here is very slightly elevated, and if it is held up to the light on a level 
with the eyes, the faintly-marked eminence produced by the original junction 
of the os pubis and the ilium can usually be detected. When the pubo-iliac 
point has been marked on the bone, the point on the margin of the auricular 
surface where the latter approaches nearest to the pubo-iliac point can be 
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easily determined with dividers and the auricular point so found similarly 
indicated by a pencil dot. 

All the measurements here recorded have been made from projection 
drawings of the bones after setting them up in the manner now to be described. 

The instrument used for tracing the outline of each bone was Martin’s 
projection apparatus. The hip-bone is laid on the board beneath the glass 
table and is then manipulated with the aid of a wedge introduced under the 
bone until the two points pubo-iliac and auricular are on exactly the same 
level. This is determined by means of a scriber, whose pointed turned down 
arm is adjusted over each pencil spot in turn until the two are found to be on 
precisely the same horizontal line. As soon as this is done the drawing can be 
made. The two points should be indicated first, and then the whole bone 
should be traced out. The tracing should include an outline of the sacral 
articular surface. 

When the drawing is complete the two points already indicated are united 
by a line which is produced posteriorly until it crosses the iliac crest. This 
line in its anterior part corresponds fairly closely with the iliac portion of the 
ilio-pectineal line, and thus with the pelvic brim. For this reason the whole 
line from pubo-iliac point to the place where it crosses the iliac crest has been 
termed the Chilotic line from the Greek xetAos (a brim or lip). It consists of 
two main parts, an anterior or pelvic portion between pubo-iliac and auricular 
points, and a posterior or sacral portion extending from the last-named point 
to the iliac crest. For the sake of brevity these two portions of the Chilotic 
line will be called throughout this paper Pelvic Chilotic and Sacral Chilotic 
respectively (see fig. 1). 

One more point of great importance must now be indicated on the drawing. 
This is the apex of the ilio-sciatic notch or more accurately that part of the 
ilio-sciatic arch which approaches nearest to the Chilotic line (see A in fig. 1). 
A pencil mark is made on the drawing at the required spot, and from this 
point a line is drawn upwards cutting the Pelvic Chilotic line at right angles 
(see fig. 1). This portion of the Chilotic line is therefore divided into two seg- 
ments, anterior and posterior, lying on either side of the line drawn from the 
highest part of the ilio-sciatic notch. 


MEASUREMENTS 


The Chilotic line as a whole and the parts into which it has been divided as 
described above can now be measured. In the first place the length of the two 
main portions, pelvic and sacral, is found and the relation of Pelvic Chilotic 
Sacral Chilotic x 100 

Pelvic Chilotic 

When these two portions of the total Chilotic line are of equal length the 
Index will of course be 100, and this figure may be taken in a general way to 
represent the boundary line between the sexes, a typical female having an 
index below 100, a typical male being invariably above that figure. 


to Sacral Chilotic line gives the Chilotic Index = 
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As will be shown later on in this paper this broad generalisation has to be 
considerably modified for the women: but as the essence of the investigation 
turns on the fact that the Pelvic Chilotic line in women is not only actually 
greater than that in men, but also, in many cases in the female, greater in 
relation to the Sacral Chilotic portion, the introduction of the statement at 
this stage is justified. 

The next step is to find the lengths of the two segments of the Pelvic 
Chilotic line. These are situated as already described on either side of the 
Vertical line drawn from the apex of the ilio-sciatic notch. The relation of these 
two measurements is expressed as follows: 


Posterior Segment of Pelvic Chilotic line x 100 
Anterior Segment 





= Chorematic Index, a term derived from the Greek word x#pnya (space, room) 
because the Index is a measure of the proximity or otherwise of the sacral 
articular surface, and therefore of the sacrum, to the ilio-sciatic notch, with a 
consequent alteration in the capacity of the true pelvis. 


MATERIAL 

It has already been mentioned that the measurements as just detailed 
have been carried out on the English hip-bones from Whitechapel now in the 
care of the Biometric Department at University College, London, but formerly 
belonging to Sir George Thane, to whom the thanks of the writer are due for 
the loan of this valuable material. In addition a number of hip-bones of the 
Vth—XIIth Egyptian Dynasties 2500-2000 B.c. have been measured as well as 
some from the Predynastic era and a few from Dr Geo. Reisner’s excavations 
at Kerma in the Sudan}. It is to be regretted that a number of measurements 
made on bones from the Collection of the Archaeological Survey of Nubia 
have had to be discarded owing to their mixed origin, and the smallness of the 
numbers that a separation into racial groups would entail. 


CuiLotic INDEX 
The results obtained from the measurements may now be considered. 


Table I. Men 


Chilotic line Pelvic Chilotic line 

—__A—, —a_— Chore- 

Pelvic Sacral Total Chilotic Antr. Postr. matic 

Race No. portion portion length Index segment segment Index 
English ... See 61 52:8 71-2 123-9 136-1 48-9 3-9 8-2 
Vith-XIIth Dyn. 42 55:0 68-4 123-2 125-9 49-8 5-6 11-5 
Predynastic ... 24 54:5 67-7 122-2 125-6 46-1 8-1 18-7 
Kerma ... ay 19 55:5 68-4 123-9 125-2 45°8 9-8 21:8 


1 The Kerma crania which were measured by the writer in 1920 are almost identical with the 
Middle Nubian people described in the Bulletins of the Archaeological Survey of Nubia. The nasal 
measurements, however, indicate a greater infusion of negro blood than was found to be the 
case in the Middle Nubians. The negro influence is emphasised in the pelvic measurements. 
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As will be seen in the accompanying Table I, the total length of the Chilotic 
line in the men is practically identical in three out of the four groups examined. 
There is in fact no sensible difference in the actual size of the bone in these 
races, But a remarkable difference is apparent in the English men as compared: 
with the other three groups when the Chilotic line is divided into its two 
component parts Pelvic and Sacral. In this case the English are found to have 
the shortest Pelvic Chilotic line (52-8) as against an average of 55-0 in the 
remaining groups, but they have at the same time the longest Sacral Chilotic 
line (71-2) so that the Chilotic Index for this race rises to 136-1. 


Table II. Women 


Chilotic line Pelvic Chilotic line 
 cemmrmealiiomasaze (ra on hore- 
Pelvic Sacral Total Chilotic Antr. Postr. matic 
Race No. portion portion length Index segment segment Index 
English ... *. 34 557 61:3 117-0 110-8 44:8 10-9 24-7 
Vith-XIIth Dyn. 32 62-9 56-5 119-5 90-7 46-5 16-5 36-1 
Predynastic ... 42 59-0 63:1 122-3 107-1 463 12-6 27:8 
Kerma (Nubian) 21 60-9 62-1 123-0 103-2 48:3 12-6 26:8 


In the women (Table II) the total length of the Chilotic Line varies from 
117-0 in the English to 123-0 in the Kerma group. But although the Pelvic 
portion of the line is again shorter in the English women than in the women 
of the other groups, in all of them it eaceeds the length of the same line in the 
men of their respective races (see Table I). This is of course only another way 
of demonstrating the greater antero-posterior diameter of the pelvis in women. 
When, however, we come to examine the Sacral Chilotic line in this sex we 
find it to be consistently smaller than in the men, both actually as well as in 
relation to the total length, so that the Chilotic Index falls towards the figure 
already suggested as the boundary line between men and women, i.e. 100, and 
in the VIth-XIIth Dynasty Egyptian women reaches as low as 90-7. It is 
instructive to note, .however, that as in the case of the English men, the 
Whitechapel women have the highest Chilotic Index. The significance of this 
will be discussed later. 


CHOREMATIC INDEX 


We may now examine the relation of the two segments of the Pelvic 
Chilotic line to each other. Beginning again with the English men (Table I), 
we find that the division of this line in the manner described above, yields a 
mean of only 3:9 mm. for the posterior segment. This means that the most 
anterior point on the margin of the sacral articular surface is only 3-9 mm. 
from the line drawn upwards from the highest part of the ilio-sciatic notch. 
The shortness of the Pelvic Chilotic line in the English men is thus explained, 
and is seen to be due to the advance of the sacrum which is nearer to the 
notch in this race than in any of the others measured. As a consequence the 
Chorematic Index is very low (8-2), and is approached only by the Old Empire 
Egyptians with an Index of 11-5. In the two remaining races the Chorematic 
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Index is relatively high, but in both of these the posterior segment of the 
Pelvic Chilotic line is more than double the length of that in the English 
owing to the sacrum standing further back from the notch, a condition which 
is associated with a more erect position of the sacrum and absence of the 
sacro-vertebral angle. 

It should be noted that the race with the lowest Chorematic Index (8-2) 
has the highest Chilotic (136-1) and in general it may be said that these two 
Indices stand in inverse ratio to one another. 

In the women the Chorematic Index is in marked contrast to that in the 
men. Although the English women are the lowest of the four female groups 
in this regard, their Index (24-7) is nevertheless three times as large as the 
Chorematic Index in English men. The explanation is the same as that given 
above for the men, and is due to the posterior segment of the Pelvic Chilotic 
line being so much longer in women than in men. Fig. 2 shows an outline of 
a female hip-bone in which the sacral articular surface is well removed from 
the vertical line (cf. Fig. 1). This is the typical female condition and all the 
groups illustrate it, but none so well as the Egyptian women of the Old Empire 
in whom the Chorematic Index rises to 36-1, as compared with 11-5 in the 
men of the same period. Here again too we find that the highest Chorematic 
Index is associated in the same race with the lowest Chilotic Index 90-7. 

In the two remaining female groups, Predynastic and Kerma, the Chore- 
matic Index, although high, does not exhibit the remarkable contrast to the 
men of their own race which is illustrated in the two higher races. In these 
two primitive groups there is a tendency towards greater similarity between 
the sexes in this regard, thus confirming by measurement, what had been 
encountered in sexing these hip-bones by the ordinary anatomical methods, 
viz. that sexual differences in primitive races are less marked than in the 
higher races. This is brought out in the Tables I and II, where the lengths of 
the posterior segment of the Pelvic Chilotic line in the two sexes of the Pre- 
dynastic and Kerma groups, are much nearer to one another than in the 
English and Old Empire Egyptians with a resulting similarity in the Chore- 
matic Index. 

We may now consider in more detail the meaning of the remarkable 
differences which we have found to exist, as between the sexes, in this (iliac) 
part of the hip-bone. For this purpose it is necessary in the first place to 
examine the same region in some of the lower animals. We have seen that 
the essential difference in the human ilium between men and women is in the 
position of the sacral articular surface, which by its greater or less distance 
from the line drawn upwards from the apex of the ilio-sciatic notch, increases 
or lessens the posterior segment of the Pelvic Chilotic line. The position of the 
articular surface is of course the position of the sacrum and accordingly the 
antero-posterior diameter of the pelvis varies with it. Now in most of the 
lower animals this antero-posterior diameter is very long, the sacrum standing 
far back from the symphysis pubis, while the ilio-sciatic notch, which is such 
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a well-marked feature of the human hip-bone, is non-existent as a notch, and 
is represented only by a shallow excavation of the ilio-sciatic border. This is 
the condition with very slight variations in practically all the Mammalia. In 
the Apes (Fig. 3) we begin to find indications of a notch and this is due to a 


Fig. 3 
slight downward bending of the ilium in the neighbourhood of the sacral 
articular surface. The hip-bones of the Anthropoid-Apes furnish a good 
illustration of this commencing notch which only reaches its characteristic 
form in man. That this is directly related to his erect carriage, seems to be 
the natural corollary. 

This conclusion is borne out by the following facts. The posterior superior 
iliac spine in man is approximately at the level of the spinous process of the 
second Sacral Vertebra and is only removed from the posterior inferior spine 
by a very short interval. The last-named “spine” is really the lower end of 
the sacral articular surface. Now if we examine the corresponding points in 
a baboon we find that the posterior superior spine lies altogether above the 





Fig. 4 


level of the sacral spines, on a level with the lower border of spine of last 
lumbar and is separated from the posterior inferior spine by a long straight 
border. This is strikingly demonstrated, if the hip-bone of this ape (Fig. 3) or 
of the orang (Fig. 4) is treated in the manner described in this paper for the 
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human bone. In such a case when the Chilotic line is drawn through the two 
points pubo-iliac and auricular and produced backwards to cut the iliac crest, 
it is found to pass not through the crest and above the posterior superior spine 
as in man, but below it, between posterior superior and inferior spines (see 
Figs. 3 and 4). The posterior superior spine as well as the posterior part of the 
ilium, must therefore have been dragged down in the human being in the 
process of walking erect and this has brought the sacrum down with it. But 
another influence has also been at work, viz. the body weight. This acting on 
the base of the sacrum has forced that bone forwards, so that while the sacrum 
as a whole has descended lower into the pelvic cavity by reason of the pulling 
down of the ilium, it has also moved towards the symphysis. Now the amount 
of this forward movement is measured, as we have seen, by the length of the 
posterior segment of the Pelvic Chilotic line, and this is short in the men and 
long in the women. But of the four racial groups, the English of both sexes 


Fig. 5 

exhibit the greatest amount of forward movement. This is most marked in 
the men, so that the mean length of the posterior segment of the Pelvic 
Chilotic line is reduced in this sex to only 3-9, while in five cases out of 61 
this forward movement has been carried so far that the anterior margin of 
the sacral articular surface actually overlaps the line drawn from the top of 
the ilio-sciatic notch, thus reducing the posterior segment of the Pelvic 
Chilotic line to a minus quantity (see Fig. 5). This was never met with in any 
female bone measured. 

In the hip-bones of the Egyptian men of the Vth—XIIth Dynasties much 
the same state of affairs exists. The posterior segment of the Pelvic Chilotic 
line is short (5-6) and there is an even larger percentage of cases where this 
line is reduced to minus. In the Predynastic Egyptians, and still more in the 
Kerma people, the posterior segment of the Pelvic Chilotic line is very definitely 
longer with a consequent rise in the Chorematic Index. In other words the 
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sacrum has not moved forward to the same extent as in the two higher races, 
For this reason, as mentioned above, there is greater similarity between the 
sexes in these more primitive people, while at the same time the smaller 
forward movement of the sacrum accounts for the greater frequency of the 
dolichopellic type of pelvis in primitive races. 

In this connection it should be noted that the more upright position of 
the sacrum in the negro races is associated with a reduction in, or even com- 
plete absence of, the lumbar convexity. In these people the sacro-vertebral 
angle scarcely exists, and the antero-posterior diameter of the pelvis is there- 
fore relatively long, thus recalling the shape of the pelvis in the apes. This is 
in marked contrast to the pronounced angle and prominent lumbar curve in 
such a race as the English, in whom, as has been shown, the antero-posterior 
diameter is shorter than in any of the racial groups examined in the course 
of this investigation. 

Is it possible to give any explanation of these striking sexual and racial 
differences? 

Some light seems to be thrown on the subject by the following facts. 
(a) In cases of rickety pelvis in women the impediment to normal labour 
is the reduction in the antero-posterior diameter or conjugate owing to the 
pushing downwards and forwards of the sacrum, by the body weight acting 
on abnormally soft bones. In these cases the hip-bones are of an exaggerated 
male type in regard to the ilio-sciatic notch and the backward bending of the 
ilium. (b) In an oblique pelvis in a woman due to congenital fusion of the 
right sacro-iliac joint with consequent lack of development of the ala of the 
sacrum on the same side, the affected side developed a typical masculine 
ilio-sciatic notch, while on the left or normal side the notch was character- 
istically female. (c) It is not uncommon to find bones from opposite sides of 
the same pelvis unequally developed. One of the Predynastic Egyptian pelves 
measured in the course of the present investigation gave a Chilotic Index of 
109-8 for the right side (Fig. 6) and 92-7 for the left (Fig. 7). The Chorematic 
Index for the two sides was 6-3 and 18-1 respectively. An examination of the 
complete pelvis showed that the first piece of the sacrum, although normal 
on the right side was only partially sacralised on the left. The left hip-bone 
resembled the female type in being less heavily built, this being specially 
noticeable in the iliac crest, ischial tuberosity and body of ischium. Whether 
this striking asymmetry is due to lack of development of the left side of the 
sacrum, or whether the under-development of the whole left side of this pelvis, 
including the sacral anomaly, was brought about by feebler muscular develop- 
ment, as for instance in cases of paralysis while the bones are still growing, 
cannot be stated, but the fact remains that the more robust side developed 
as a normal male pelvis, while the weaker left has a majority of female 


- characters. (d) Obstetricians not infrequently find that women of masculine 


build have difficulty in labour. This is in agreement with anatomical observa- 
tion, where heavily built female pelves are found to resemble the male type. 
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The results given above in the table of measurements for the women, show 
that the English women have the smallest pelves at least in the antero-posterior 
diameter. They are therefore less typically female than is the case in Egyptian 
women generally, and particularly so when compared with the women of the 


EZ 


Fig. 7 


VIth-XTIth Dynasties. A large antero-posterior diameter is of greater im- 
portance for an easy labour than a large transverse and the reduction of this 
in English women is possibly a cause of the difficulty in parturition which is 
so common an experience in England as compared with Egypt. 
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Now the evidence from the facts just adduced appears to point in the 
direction of weight as an important factor in the production of the male type 
of pelvis. This is certainly so in the case of the rickety pelvis. In the oblique 
pelvis instanced, the weight was unevenly distributed owing to the failure of 
development of one side of the sacrum, and the same may have been true in 
the pelvis exhibiting male and female characters on opposite sides, owing to 
the unequal development of the first piece of the sacrum. In the pelvis of a 
man with hydrocephalus described by the writer in this Journal, vol. xLv11, 
July, 1918, the left hip-bone in common with all the bones of the left side 
was under-developed owing to hemiplegia. Here again the ilio-sciatic notch 
was definitely wider on the left side, and the same bone exhibited a tendency 
to the formation of a pre-auricular sulcus, a female character. In this man 
the body weight was borne entirely on the right side, the pelvis was tilted to 
the left and the left ala of the sacrum was under-developed. 

Although the facts adduced above seem to point to body weight as an 
important factor in the production of the different forms of the ilium in the 
two sexes, the evidence obtained from foetal bones measured in the same way 
is much less conclusive. 

The following table gives the results of measurements made on four foetuses, 
two male and two female. All were full time with the exception of the second 
male in the annexed table, which was believed to be seven months when born. 


Table III. Foetuses 
Chilotic line Pelvic Chilotic line 


a a Chore- 

Pelvic Sacral Total Chilotic Antr. Postr. matic 

Sex portion portion length Index segment segment Index 
Male 16:0 26-0 42-0 162-5 15-0 1:0 6-6 
Male 13-5 17°5 31-0 129-6 13-0 0-5 3-8 
Female 17-5 22:0 39-5 1258 15°5 2-0 12:9 
Female 18-0 21°5 39-5 119-4 16-0 2-0 12-5 


While too much stress must not be laid on figures derived from such a 
small number of cases, it will be noticed that all the foetal hip-bones, irre- 
spective of sex, yield the male type of Chilotic Index, but the two females are 
the lowest. In other words the characteristic difference, in the female, in the 
relation of the two portions of the Chilotic line, Pelvic and Sacral, though not 
pronounced at this early date is nevertheless suggested. At the same time the 
relation of the two segments of the Pelvic Chilotic line exhibited in the 
Chorematic Index also shows a definitely higher value in favour of the two 
females. 

As there is no question here of the influence of the erect posture or of body 
weight, there must be an inherent tendency towards the formation of a sexual 
type, which as growth proceeds becomes more pronounced, from the influence 
of body weight, muscular development, and probably in the case of the 
woman, function, as represented by child-bearing. 

In 19138 Dr Franz Weidenreich published in the Anatomischer Anzeig., Nos. 
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20 and 21, the results of his investigations, ‘“‘Uber das Hiiftbein und das 
Becken der Primaten und ihre Umformung durch den aufrechten gang.” He 
approached the subject from a somewhat different point of view to that 
contained in this paper, as he was concerned with the measurement of the 
angles formed by the axes of the three constituent parts of the hip-bone, using 
the centre of the acetabulum as his point of departure. Nevertheless he 
reached substantially the same results in regard to the descent of the ilium in 
the higher apes and notably in man. 

Although the figures dealt with in this communication refer only to the 
ilium, it is probable that an exhaustive series of measurements of the whole 
hip-bone would reveal a number of further points of value in determining the 
sex of a given individual. The work of Dr Weidenreich referred to above 
points strongly in this direction. But in order to do this satisfactorily it is 
necessary in the first place to increase the number of bones whose sex is 
definitely known. 

Dr Aziz Girgis, Lecturer in Anatomy, and Dr B. Boulgakow, Curator of 
the Anatomical Museum, have rendered willing assistance in the photographing 
and preparation of the drawings, and grateful thanks are due to all those 
engaged in archaeological work in Egypt who have supplied the writer with 
material. 








A CASE OF DIVERTICULUM OF THE JEJUNUM 


By ST J. D. BUXTON, M.B., B.S. (Lonp.), F.R.C.S. (ENe.). 
Assistant Surgeon and Assistant Orthopedic Surgeon to King’s College Hospital. 


Dhiverricuta of the jejunum appear to be extremely uncommon and perusal 
of the literature has brought to light only twenty-nine cases. This is perhaps 
remarkable, as the subject of diverticula of the intestinal tract has become of 
considerable interest, since the introduction of the opaque meal and radio- 
graphy. ' 

Fig. 1 shows a piece of jejunum which was removed at an autopsy from 
a male, of the age of 48, who died of cerebral thrombosis. At.a point 18 inches 
from the duodeno-jejunal flexure, a diverticulum was found the size of the 


Fig. 1 


end of a finger. It protrudes from the jejunum along the mesenteric attach- 
ment. A small portion of it is under the mesentery, but the greater part is 
free. Vessels are spread out over its surface. The microscopic examination of 
its wall shows that it consists of all the layers found in the wall of a normal 
jejunum, muscle being present. 

Another condition of interest was present in the abdomen. There was an 
infantile caecum lying just below the liver on the right side and the last 
8 inches of the ileum had not a free mesenteric attachment, so these 3 inches 
of the small intestine were fixed to the posterior abdominal wall with no 
posterior covering of peritoneum (fig. 2). 

Investigation of the recorded cases of jejunal diverticula shows the 
following facts. 

(1) They are slightly more prevalent in the male sex. 

(2) Two cases are reported in persons under the age of 20, but the majority 
are in persons over 50. 
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(8) Total cases of single diverticula, 11. Of these, 8 were within the 
mesentery, and 3 at the free border which had 
muscle in the wall. 
(4) Total cases of multiple diverticula in 
the jejunum, 19, all within the mesentery. In 
8 of these cases diverticula were found in other 
parts of the intestine, especially the duodenum. 
(5) Many have not reported the number of 
diverticula present, but as many as 62 are re- 
ported in the jejunum in one case. 
(6) Pancreatic tissue was found at the end 
of one diverticulum. 
(7) One observer suggests that a diver- 
ticulum 2 feet from the pylorus, which had a Fig. 2. Diagram to illustrate obliter- 
mesentery was a Meckel’s diverticulum. In tion of mesentery of terminal 
x a. : 3 inches of ileum. 
view of the report(1) on the position of this a, the mesentery; 6, mesentery 


structure, this seems improbable. obliterated; c, transverse meso- 
colon; d, descending mesocolon 


obliterated. 
FORMATION OF DIVERTICULA 

The persistence of a Meckel’s diverticulum is well recognised and being 
a remnant of intrauterine life, where its presence is a necessity, it must be 
placed in a separate category to the other diverticula of the intestinal tract. 

The other diverticula of the large and small gut are usually regarded as 
pathological in origin. The theory put forward to explain their origin being 
that along the mesenteric border there is a weak area in the intestinal wall, 
owing to the penetration of the blood vessels. This will explain the jejunum 
being less subject to diverticula, owing to its possessing thicker walls and a 
larger lumen. 

However, the embryological work of Lewis and Thyng(2) is of interest as 
their deduction is that the majority of the diverticula are of congenital origin. 
They studied sections of the embryo of pig, rabbit and man, and of the cat 
and sheep. In the embryos of the first three, they found the regular occurrence 
of knob-like diverticula, and they were often present in the cat and sheep. 
They were also noted along the bile and cystic ducts. In older embryos they 
are more numerous, especially in the distal part of the small intestine. None 
were found in the large intestine except near the ileocaecal valve. 

They suggest that possibly these knob-like projections give rise to so-called 
pathological diverticula. 

This work was done some 15 years ago, but I cannot find any confirmation 
of the findings. 

I am indebted to Miss Pickering for the two diagrams, 

Analysis of recorded cases 


The following is a list of the cases that are reported and the more important 
facts relating to each case are briefly noted. 
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Sex Age 


Jejunal Diverticula. 


Other intestinal 
abnormalities 


Remarks 


M 48 Infantile caecum No mesentery to the 


F 


= SSS = Sees ~ 


se~ 


3 SESS 3 


as 


30 
77 


14 


Bn 


75 


61 


59 
50 


40 


old 


73 


85 
73 


Congenital stric- 
ture of jejunum 
at the duodeno- 
jejunal flexure 


Diverticula in 
ileum also 

Diverticula in 
stomach, duo- 


denum and colon 


Also in colon 
Two in duodenum 


Also in ileum and 
pelvic colon 
Also in duodenum 


13 in lower jeju- 
num and upper 
ileum 


One in duodenum 


last 3ins. of ileum. 
P.M. specimen 

In middle of the jeju- 
num. P.M. specimen 
3ft. from duodeno- 
jejunal flexure. ? Mec- 
kel’s diverticulum. 
P.M. specimen 

Very large and caused 
intestinal obstruction 
Pancreatic tissue at 
the end of the diverti- 
culum. P.M. specimen 
Museum specimen 
Below opening of com- 
mon duct. P.M. speci- 
men 

Operation case 

P.M. specimen 

2ft. from pylorus. 
Had a mesentery. 
? Meckel’s diverti- 
culum. P.M. specimen 
4ins. from duodeno- 
jejunal flexure. Mu- 
seum specimen 
Operation case 

P.M. specimen 


Large diverticula. 
Walls had all the 
intestinal coats. No 
symptoms and patient 
died of bronchitis 

All herniae through 
muscularis mucosa. 
P.M. specimen 

P.M. specimen 


” 


Died of perf. duodenal 
ulcer. Many diverti- 
cula in the jejunum 
and 13 the size of a 
walnut, all herniae 
through muscularis 
mucosa 

All herniae through 
muscularis mucosa 
P.M. specimen 


” 
Operation case 


Operation case. Her- 
niae through muscu- 
laris mucosa 

P.M. specimen 
Operation case. Her- 
niae through muscu- 
laris mucosa 
Operation case. All at 
beginning of jejunum 
P.M. specimen. Her- 
niae through muscu- 
laris mucosa 


Reported 
ag 
Buxton 


Cornillon (3) 


Buzzi (4) 


Buchwald 5) 


Hansemann (6) 


Fischer (7) 
Latarjet (8) 


Hunt (9) 

Hunt (9) 

Clarkson and 
Collard (10) 


Clarkson and 
Collard (10) 


Terry (11) 
Cooper (12) 
Osler (13) 
Moore (14) 


Virchow (15) 


Edel 16) 
Seippel 17) 
Hansemann (6) 
Grassberger (18) 


Nicholls) 
Latarjet (8) 
Braithwaite (20) 
Case (21) 

Case (21) 
MacKechnie2) 
McWilliams (23) 
Gordinier (24) 


Balfour (25) 


Good (26) 
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REVIEW 


The Physiology of Twinning. By Horatio Hackett NEwMaN, Professor of 
Zoology, University of Chicago. Pp. 230 + xii, figs. 71. (Chicago Uni- 
versity Press), 1922. Price 1-75 dollars. 


Human anatomists are more interested in the imperfect formation of 
twins than in their perfect production, but whether their interest lies in the 
one form or in the other we commend to them this convenient treatise by 
Professor Newman. “For a long time,” says the author, “I have held the 
view that twinning is essentially a phenomenon involving a physiological 
isolation of equivalent parts of the blastoderm and a regulation of the isolated 
or twinned regions into complete embryos. As to the cause of physiological 
isolation I have maintained, for the armadillo at least, that the essential 
feature is temporary cessation or radical retardation of development at a 
critical period.” 

The author bases his explanation of twin-production on a theory which 
has been nursed and extended by American biologists in recent years—the 
theory that there exists “gradients of vitality” in all living masses. In another 
form the theory is familiar to students of living pulsating non-striated muscle 
—who regard the pace-making centres of the heart as dominating the rhythm 
of the whole mass—because the leading nodal centre is endowed with the 
greatest vitality. The embryologist presumes that the blastoderm has a 
dominating centre; twinning follows if this single centre becomes duplicated. 
The essential theory of dominance is very fully discussed in another volume 
of the Chicago University series by Prof. Charles M. Child, entitled The Origin 
and Development of the Nervous System from a Physiological Point of View. 


A. K. 











VITAL STAINING OF THE LEPTOMENINGES 


By H. H. WOOLLARD, 
Demonstrator of Anatomy in the University College, London 


(From the Anatomical Laboratory of the Johns Hopkins University) 


In 1913 Goldmann (6) published an account of his experiments with vital dyes 
injected into the subarachnoid space of rabbits and dogs. The subarachnoid 
space was reached by tiepanation of the skull or by laminectomy of the verte- 
bral column. In rabbits the dose used was 0-5 c.c. of a 0-5 per cent. solution 
of trypan blue, while in dogs, 2 to 2-5 c.c. of a 1 per cent. solution were given, 
The immediate reaction of the animals demonstrated an extreme toxicity of 
the injected substances, for muscular spasm, tonic and clonic contractions, 
acceleration of respiration and heart-beat, then coma, and death of the animal 
in about nine hours followed. The author drew attention to the heightened 
toxicity of foreign substances when introduced by way of the cerebrospinal 
fluid and mentioned various observers who had demonstrated the increased 
toxicity of such substances as morphia, cocaine, potassium ferrocyanide, 
methylene blue and ferrocyanates when injected in the subarachnoid space. 
Taking the most favourable of these experiments (those in which the 
animals survived the longest period after the injection), Goldmann made the 
following observations: The surface of the spinal cord was stained to a depth 
of 2mm. throughout its whole extent, and the dye could be followed out 
around the spinal ganglia. The cerebral hemispheres exhibited a coloration 
similar to that of the spinal cord, but the stain was of a lighter hue. The blue 
was especially deep at the base of the brain and passed outward along the 
optie nerves to the corneo-scleral junction and along the olfactory nerves to 
the nasal cavities. The convexity of the brain was uncoloured, and only along 
the larger vessels could blue stripes be seen. The stain invaded the ventricles 
of the brain and the central canal of the spinal cord. Outside the central 
nervous system the trypan blue was seen in the sheaths of the large blood- 
vessels and in the liver and kidney. These findings occurred without exception 
in animals which exhibited the toxic symptoms described above. 
Microscopically, Goldmann found the leptomeninges to be stained a diffuse 
blue. The pial blood vessels entering the brain substance were coloured, as 
were the nuclei and network of the glial cells. The ganglion cells of the anterior 
and posterior horns always showed a deposit of stain in the nucleus and their 
processes were distinctly outlined by the dye. The glial and pyramidal cells 
of the cerebral cortex and the Purkinje cells of the cerebellum were customarily 
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coloured with blue. When weak doses were used the ganglion cells appeared 
free from dye, but even in these cases, when observed with the oil immersion 
lens, fine blue granules could be found in the cells of the anterior and posterior 
horns. This coloration was not diffuse and the nucleus was unstained; Gold- 
mann therefore concluded that they were not moribund cells, The pial septa 
were everywhere coloured and the cells lining the perivascular spaces showed 
blue granules. The cells in the arachnoid and pia bearing the stain and those 
extending from these membranes into the brain he regarded as similar to the 
so-called “‘ pyrrhol” cells of the liver and spleen and connective tissues. 

Goldmann’s experiments seemed, on critical analysis, to be complicated 
by the toxicity of the dye in the dosage used for subarachnoid injection. This 
intraspinous toxicity was indicated by the reactions of the animals to such 
administration of the dye-stuff and by the more or less diffuse staining of the 
cellular elements of the nervous tissue itself. The present report is based on 
a series of experiments, which though similar to those of Goldmann have been 
planned with the object of avoiding the obvious limitations of his earlier work, 
and they have afforded definite information regarding the cell-morphology in 
the subarachnoid space. 


VITAL STAINING UNDER NORMAL CONDITIONS 


The animals chosen for the work were cats; the route of injection into the 
subarachnoid space was by an occipito-atlantal puncture into the cisterna 
magna (cerebello-medullaris). The dye used was trypan blue and the strength 
found most satisfactory was a 0-1 per cent. solution. The dye was first made 
up in a 1 per cent. aqueous solution; this was diluted with Ringer’s solution 
to the desired strength. The procedure followed consisted of etherization of the 
animal, sterilization of the chosen area and puncture into the subarachnoid 
space with a suitable lumbar puncture needle. After release of the cerebro- 
spinal fluid, a syringe containing the selected amount of dye (6 to 8 c.c.) was 
attached to the needle and the solution slowly injected. When 6 c.c. had been 
injected, the animal frequently exhibited a tonic spasm, with extension of the 
limbs, arching of the back, and extension of the head. This phenomenon, 
apparently due to increase in intracranial tension, passed off in a few minutes, 
and after recovery from the ether anaesthetic, the cat behaved normally. The 
injections were repeated on alternate days; between the injections the animals 
ate well, cleansed themselves and were active and normal in every respect. 
The cerebrospinal fluid removed was examined on each occasion but with the 
experimental procedure carried out as outlined no cells were ever found in it. 
As was mentioned a 0-1 per cent. solution of the dye was found to be the most 
satisfactory, for with this dosage the cats were perfectly normal in the intervals. 
If a 0-2 per cent. solution was used the dose was fairly well borne, but between 
the doses the cats were lethargic. If a 0-3 per cent. solution was given, the cats, 
though they exhibited no muscular phenomena, were torpid, ate little and 
did not cleanse themselves. 
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The following protocols give a summary of the cats stained according to 
the above procedure: — 

Cat 1. This cat was given, in three injections, 15 ¢.c. of a 0-1 per cent. 
solution of trypan blue in Ringer’s solution. The cerebrospinal fluid, removed 
before each injection, contained no cells. The cat remained in good condition 
and was killed 48 hours after the last injection of the dye and fixed in 10 per 
cent. formalin by aortic injection. 

Cat 2. This cat received 22 c.c. of a 0-1 per cent. trypan blue solution. The 
initial dose given in this case was 10 c.c. After this injection the animal became 
lethargic. Two subsequent injections of 6 c.c. were given. As the animal was 
becoming weaker it was killed and injected as above. 

Cat 3. This cat received, in seven injections, 42 c.c. of the 0-1 per cent. 
trypan blue solution. The cerebrospinal fluid remained free from cells. The cat 
was perfectly well during the intervals and was killed and fixed in 10 per cent. 
formalin 48 hours after the last injection. 

Cat 4, This cat received, in eight injections of 8 c.c. each, 64 c.c. of the 0-1 
per cent. trypan blue. The animal remained in excellent condition throughout 
the experiment and the cerebrospinal fluid was always free from cells. The 
animal was killed, fixed in 10 per cent. formalin by aortic injection eight hours 
after the last injection of trypan blue. 

Cat 5. The dye received by this animal had salted out before it was injected 
and after a dose of 6c.c., the animal exhibited convulsive movements. The 
spasms came on five minutes after the cessation of the injection; coma soon 
supervened and death followed quickly. Examination showed everywhere an 
indiscriminate staining of meninges and nerve cells indicating the well- 
established manner of staining of injured or dead tissues. 

Macroscopic Examination. After fixation of the animal by injection 
through the heart with 10 per cent. formalin, the skull and vertebral column 
were detached from the rest of the body and the vertebral arches were opened ; 
this block of tissue was placed in 10 per cent. formalin for three or four days 
for further fixation. At the end of this time the central nervous system with 
membranes intact was detached completely from the bone. 

The whole surface of the central nervous system and membranes appeared 
intensely blue. The only unstained structures were the spinal ganglia and the 
pituitary gland. On closer examination of the spinal nerves, the anterior and 
posterior roots appeared as white strands clothed in blue membranes which 
ceased on the proximal side of the ganglia. The cranial nerves passed out 
through the cranial foramina as white strands. The Gasserian ganglia were 
perfectly white. The superficies of the optic nerve and chiasma were blue and 
the investing blue membrane reached the posterior pole.of the eyeball. The 
olfactory bulb was enveloped in blue but the stain did not accompany the 
olfactory fila and no stain appeared in the olfactory mucous membrane. The 
intensity of stain was more marked in the area adjacent to the site of the 
injection. In those animals which were lightly stained the dye was most 

1—2 
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marked over the cervical cord, base of the brain, cerebellum and occipital 
poles of the cerebrum. In those more heavily stained, the coloration 
attained a more uniform intensity, the convexity of the cerebral hemispheres, 
as well as the caudal end of the spinal cord, showing the same intensity as 
around the site of injection. When the dura was raised up it was pale and 
semi-transparent and quite free from the dye. The membranes underlying the 
dura were intensely blue. Transverse sections of the spinal cord showed a 
faint blue stain which appeared to be confined to the white matter of the cord. 
The blue colour faded out before the grey matter was reached and the latter 
appeared entirely unstained. Cross sections of the brain and cerebellum showed 
a faint blue coloration of the cortex extending inward from the pia. The 
ependymal lining of the ventricular system was free from the dye and the 
choroid plexuses were pale and unstained. The dura in the hypophysial region 
when lifted away disclosed the pale pituitary body embraced circumferentially 
around its attachment to the brain by the blue coloured arachnoid. 

At the site of injection there was always a slight leakage of trypan blue 
into the adjacent extradural tissues. Lymphatics could be traced to the large 
vitally stained lymphatic glands at the base of the skull. These glands bore a 
considerable amount of dye but the dye had apparently reached them from 
the site of extravasation and not from their cranial connections. In the more 
lightly stained animals these glands were only slightly coloured. The. liver, 
spleen and kidney, showed no signs of visible coloration in any of the animals. 

These observations stand in marked contrast to the failure of the central 
nervous system to stain when the vital dye reaches it through the blood 
stream. For after intravascular injection in a healthy animal only the dura 
and the choroid plexuses are deeply stained, though the pituitary and the 
adjacent tuber cinereum are faintly coloured (Goldmann). Further, Wislocki 
and Putnam (16) found that the small areae postremae (areas rich in blood- 
vessels and glial tissue) of the fourth ventricle were coloured by the dye. None 
of these areas took up the stain from the subarachnoid space. Furthermore, 
the leptomeninges on vital staining through the blood stream are uncoloured, 
whereas on subarachnoid injection these membranes are intensely stained. 
The faint bluish coloration of the peripheral zones of the nervous tissues on 
subarachnoid injection of the vital dye is also to be contrasted with the lack 
of staining of these zones after intravascular injection of the trypan blue. 

Microscopic EXAMINATION. With the aid of the binocular microscope the 
membranes were dissected off the cord and the brain. The dura mater from all 
regions of the brain and spinal cord was entirely free from any evidence of 
staining with trypan blue. The arachnoid was carefully raised from the pia and 
the numerous delicate trabeculae uniting the arachnoid to the pia were divided 
with finely pointed scissors. The membranes were counterstained in carmine 
and mounted as films, care being taken in the case of the arachnoid to have 
the subdural surface next to the slide. The blue colour of the arachnoid enabled 
one, in dissecting it away from the pia, to see that it did not enter any of the 
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fissures of the cord and that it embraced the anterior and dorsal nerve roots 
ceasing proximally to the spinal ganglia on the dorsal root and at an equivalent 
position on the ventral roots, 

The histology of the arachnoid and pia has been described by Weed (14) as 
follows (p. 898): 

“The arachnoid is a cellular structure with a delicate supporting reticulum 
of white fibrous and yellow elastic fibrils, covered on both sides by charac- 
teristic flat cells. From the inner side of this membrane project small, easily- 
broken trabeculae, upon which are contained the cells forming the inner lining 
of the arachnoidea. The core of such an arachnoid trabecula is composed of a 
few connective tissue fibrils, united on the outside with the fibrous framework 
of the membrane and on the inner side with the sub-pial tissues....” 

“The pia mater,...closely invests the nervous system, continuing into the 
cerebral sulci and into the medial fissures of the cord. Actually...it is essen- 
tially constituted by the ‘visceral’ reflection of the cells of the arachnoidea, 
but it possesses in addition an underlying supporting structure of a few con- 
nective tissue fibrils and neuroglial elements.”...“‘ Quite similarly, all of these 
vessels perforating the fluid-spaces between pia and arachnoid are likewise 
covered by an inclosing investment of mesothelial cells. Thus, the sub- 
arachnoid space (or, better, spaces) become a fluid-bed, everywhere lined by 
the typical, very low mesothelial cell.” 

The essential structures mentioned in this description were adequately 
demonstrated in the spread preparations of the leptomeninges of these vitally 
stained animals, but other elements in the arachnoid should be mentioned. 
These are the arachnoid clusters or whorls of flattened cells which may be 
confined to the arachnoid or may hypertrophy and penetrate the dura, and 
secondly the arachnoid villi—projections of the arachnoid, covered by a layer 
of mesothelium—into the walls of the great sinuses. Both of these structures 
have been recently described by Weed (13, 15), 

In the preparations of the leptomeninges three orders of cells taking up the 
dye could be distinguished in the arachnoid and pia. The first was the clasmato- 
cyte. In the cytoplasm of these cells the dye was accumulated in granules of 
various size and depth of colour. The dye had the appearance of being stored 
in vacuoles (“segregation vacuoles,” Shipley (12)). Other features, such as the 
well-defined nuclear membrane, the scanty chromatin, the eccentric position 
of the nucleus, the presence of a concavity in the nucleus towards the main 
protoplasmic mass were all present. The shape and size of the cells varied 
somewhat but they were usually round or oval and slightly larger than a poly- 
morphonuclear leucocyte. 

The second cell that could be distinguished by the presence of granules of 
trypan blue in its cytoplasm was the mesothelial lining cell. These could be 
seen to best advantage on the trabeculae. Elongated, flattened out, with 
rod-like nucleus and scanty cytoplasm, they were characterized by the presence 
of a few granules of the dye, These granules were very tiny and discrete. 
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They were sparse in number and close together in the cytoplasm, near to either 
pole of the nucleus. The dye was confined to these two areas and did not extend 
into the remainder of the cell. 

When the films of animals which had been more heavily stained were 
studied, the type of aggregation of the dye-granules within these mesothelial cells 
was noted to be somewhat different from that in the animals which had received 
smaller amounts of stain. Furthermore, in these animals cell multiplication 
had taken place. Though mitotic figures were more easily found in the cells 
on the trabeculae, yet the same process could be made out in the flattened 
areas between the origin of the trabeculae. Secondly, many of the mesothelial 
cells appeared to be rounding up and acquiring a cuboidal form, with the round, 
palely staining nucleus occupying the centre of an increased amount of cyto- 
plasm which was studded with fine granules of blue. In presumably older 
cells, which were still lying spread on the trabeculae or so far rounded up that 
their attachment to the trabeculae had become quite attenuated, the nucleus 
had become eccentric and was concave toward the part of the cell where the 
cytoplasm had accumulated. In this intracellular area the trypan blue was not 
accumulated and the granules were coarser though not so large as those con- 
tained in the clasmatocytes. Further small vacuoles were distinguishable. 

Thus under the influence of the irritation of the dye there had been induced 
in the mesothelial cell a series of changes of which the final result was to 
produce a mononuclear phagocytic cell of a morphology somewhat similar to 
that of the clasmatocyte, yet distinguishable.by the smaller amount of the 
dye by less coarse clumping of the blue granules, and by the fewer and rarer 
vacuoles. 

The third cell containing granules was the fibroblast. A pale round nucleus 
with a narrow ring of cytoplasm and many branching processes characterized 
this cell which took up the dye in a notable way. Around the nucleus in the 
ring of protoplasm a perinuclear ring of fine discrete granules of dye could be 
seen and the same type of fine discrete granules was noted in the processes 
of the cells. No perceptible changes in the form of the fibroblast were en- 
countered on comparing the films from lightly or more heavily stained animals. 
Fibroblasts were found to be relatively few in the leptomeninges. 

In the villi and arachnoidal cell-clusters occasional mononuclear phago- 
cytic cells containing aggregations of dye were seen but the main mass of cells 
making up these structures was free from trypan blue. In a cell-cluster of the 
arachnoid which had hypertrophied and advanced towards the dura an occa- 
sional dye-bearing cell beyond the level of the dural surface of the arachnoid 
was visible. The dura never contained any dye-bearing cells and the presence 
of vital dye in these cell clusters bears out the arachnoidal origin of these 
dural cell-inclusions. 

In the pia the same analysis of the cells held good. The endothelium of the 
blood-vessels contained none of the dye. The dye accompanied the pial tissue 
for a short distance into the choroid plexuses but none reached the choroidal 
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epithelial cells. In the region of the pituitary, the dye was present in the 
arachnoid on the anterior surface of the gland. Though a continuation of the 
subarachnoid space (Hughson (5)) has been shown, by the injection of potassium 
ferrocyanide and iron ammonium citrate under certain experimental conditions, 
to encircle the pituitary, yet with trypan blue, the dye was not found about the 
base of the gland. 

As is fairly well established, the perivascular spaces which surround the 
entering vessels of the spinal cord and brain are lined by mesothelial cells of 
the pia which continue inward for a certain distance. In the spinal cord of 
the specimens of the present series, flattened mesothelial cells bearing fine 
discrete granules of dye in the cytoplasm at either nuclear pole could be traced 
inward along the entering vessels. In some instances they could be followed 
across the white matter and still in continuity with the perivascular space 
could be found in the grey matter of the cord. In the cortex a similar pheno- 
menon was visible. Along an entering vessel these mesothelial cells bearing 
granules of dye could be traced and could be found for a short distance along 
the lateral branches of the vessels, if these were comparatively large. How- 
ever, they were not found to line the whole space, for the cells with blue 
granules were limited to the more peripheral portions of the perivascular 
channels; in general, however, they continued to the smaller arterioles and 
venules before ceasing to line the perivascular cuff. In the perineuronal space 
and about the capillaries there were no dye-bearing cells and here the lining 
cells appeared to be neuroglial. 

The epidermal cells—nerve cells, ependymal cells, and neuroglial cells— 
in no instance contained the vital dye when administered by the subarachnoid 
route. Blocks of nerve tissue were sectioned in celloidin and carefully examined 
but the nerve cells were never found to contain dye. The ventricular lining, the 
cells of the central canal, and the medullary vela were free from stain. Under 
pathological conditions (MacCurdy and Evans(9), infantile palsy; Macklin (7), 
MacCurdy (10), Mertzbacher(11), Essick(4), with experimental inflammation), 
vital staining of nerve cells and neuroglia occurs after intravascular injection, 
but under these conditions the cells are dead or damaged. 

Thus it seems logical to conclude that when a vital dye, such as trypan 
blue, is injected into subarachnoid space it remains confined to the membranes 
which bound that space: the dye is taken up in great quantities by the meso- 
thelial lining cells, by the clasmatocytes, and to a slight extent by the fibro- 
blasts. The presence of dye-bearing cells determines accurately the limits of 
the mesodermal leptomeninges and thus it becomes possible to establish the 
pial boundaries of the perivascular spaces of the central nervous system and 
to substantiate the arachnoidal origin of the cell-inclusions in the dura. 


VITAL STAINING UNDER CONDITIONS OF IRRITATION 


It was believed that if such a vitally stained animal were subjected to 
further irritation of the leptomeninges so that free cells occurred in the cerebro- 
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spinal fluid, some light might be shed on the question as to what cells contri- 
buted to the formation of these free cells. The reaction of the mesothelial cell 
to the irritation of the dye and the results obtained by Essick(3) when the 
cells were irritated, furnished very strong presumptive evidence that, besides 
the group-of mononuclear phagocytic cells derived from the clasmatocytes, 
additional free cells might be derived from the mesothelial elements. The 
mesothelial cell, under slight irritation, stored the dye in a rather specific 
fashion, but with the stimulus of greater amounts of dye, a tendency to vacuo- 
lation and to storage of the dye in larger particles was apparent. Therefore, 
the storage of dye granules afforded no definitive criterion for the establish- 
ment of the origin of a particular mononuclear phagocytic cell, since the lepto- 
meningeal mesothelial cell, while still sessile, became transformed into a mono- 
nuclear phagocytic cell not sharply separated from the clasmatocyte type. The 
definite differences which still persist have been recorded in foregoing para- 
graphs, and they serve to furnish a criterion for distinguished cell-types in the 
fluid. The recent work of Cunningham (2)on the serosal cells in peritoneal exudates 
gave an added interest to this investigation for he was able to follow these 
cells through degenerating stages to death. Therefore, to enquire into the further 
fate of the mesothelial cell of the leptomeninges, a series of experiments was 
carried out, and the reactions of these cells when stained vitally and stimulated 
by the presence of non-toxic particulate matter were observed. 

Following the technique described by Essick (3), cats which had been stained 
with trypan blue by the atlai to-occipital route were injected subsequently 
with fragmented blood corpuscle. nto the subarachnoid space. The injection 
consisted of 5 c.c. of blood corpuscles, laked in distilled water and rendered 
isotonic by the addition of five times normal concentration of sodium chloride, 
potassium chloride, and calcium chloride. The cerebrospinal fluid was drawn off 
after the injection at intervals corresponding to 18 hours, 24 hours, and 40 hours. 
Films of the fluid were made and examined in the warm box; others were stained 
with Wright’s stain and carmine. : 

The following condensed protocols indicate the exact technical procedure: 


Cat 1. Subarachnoid injection of 34 ¢.c. of 0-1 per cent. trypan blue. 
5 c.c of laked blood 48 hours after injection 
of trypan blue. 
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Cat 2. Subarachnoid injection of 16 c.c. of 0-1 per cent. trypan blue. 
” ” 16 c.c. ” 0-2 ” ” 
” ” 8 c.c. ” 0-3 ” ry) 
5 c.c. of laked corpuscles 24 hours after last injection of the blue. 


Cat 3. Subarachnoid injection of 16 c.c. of 0-1 per cent. trypan blue. 
” ” 16 c.c. ,, 0-3 9 9 
” ” 8c.c. ,, 03 ry) ” 
5 c.c. of laked blood 24 hours after last injection of trypan blue. 
5 c.c. - eS - Oe es blood. 
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Films of the leptomeninges prepared from the first of these animals showed, 
that, as Essick had found, the initial reaction to the laked corpuscles was the 
pouring into the cerebrospinal fluid of a great number of polymorphonuclear 
leucocytes. At 18 hours after the injection the polymorphonuclears were 
greatly in excess, mononuclear phagocytic cells being relatively few. (The 
film showed numerous red corpuscles derived from the injection.) The films 
made 24 hours after injection showed a great increase in the number of mono- 
nuclear phagocytic cells. Many polymorphonuclears and injected corpuscles 
were still present. Some films were made on slides that had been prepared 
with a layer of neutral red according to the method used by Dr Sabin (verbal 
communication) ; two kinds of mononuclear phagocytic cells were distinguished. 
The larger kind seemed to be a typical clasmatocyte with irregular cell outline, 
with granular protoplasm, vacuoles, and containing neutral red granules and 
fragmented or entire red corpuscles. The other mononuclear phagocytic cells 
were smaller in size, more round in outline; the granules of neutral red taken 
up were much finer and vacuoles were not obvious. This differentiation of the 
mononuclear cells into two types was not apparent in films prepared from this 
animal 40 hours after the injection of laked blood. While the polymorpho- 
nuclear cells were few in number, the mononuclear elements were also very 
scarce and were all of the clasmatocyte type. 

The animal was then killed and fixed by injection of 10 per cent. formalin 
through the heart. The specimen of the nervous system showed relatively 
slight coloration with the blue. Spread preparations of the arachnoid and pia 
were stained and mounted as before. The same cellular pictures described for 
the vital dye films were again identified. Many polymorphonuclears were seen 
on the spreads and red corpuscles, still uningested, were present. The trabeculae 
showed most clearly the changes which had occurred. Cell division was abun- 
dant. Cells rounding up, becoming plumper and disengaging themselves from 
the trabeculae could be seen. These cells before disengaging themselves seemed 
to have undergone division because wherever a cell seemed to be nearly free 
a small cell with its nucleus opposite that of the pedunculated cell was apparent. 
In this way the trabeculae were not denuded of cells. These disengaging cells 
had concentrated their vital dye towards the major protoplasmic mass and the 
nucleus had become eccentric. Fragments of red corpuscles and vacuoles 
lined with blue were apparent in them. 

These findings confirm the results of Essick. The use of trypan blue though 
not of determining value in this case as a criterion of cell-type among the free 
mononuclear cells of the cerebrospinal fluid did afford preparations which 
suggested strongly that the mesothelial cell as it became transformed into a 
free mononuclear phagocytic cell resembled in certain particulars the clasmato- 
cyte, two essential points of difference remaining. The mononuclear phago- 
cytic cell derived from mesothelial cells of the leptomeninges was smaller and 
the granules of dye, whether neutral red or trypan blue, were finer than in the 
true clasmatocyte. The maintenance of these differences permits the assump- 
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tion that the cells are genetically separate and that they do not, under the 
conditions of observations, become identical. 

Cats 2 and 8 were heavily stained and the films of cerebrospinal fluid 
displayed polymorphonuclear leucocytes and mononuclear phagocytic cells of 
the clasmatocyte type. Study of warm box preparations and stained films 
did not enable one to distinguish varieties in the mononuclear phagocytic 
cells. A few mononuclear cells without any trypan blue granules were 
encountered—perhaps desquamated mesothelial cells. The clasmatocytes free 
in the cerebrospinal fluid were heavily stained with trypan blue. On examining 
the membranes there could be no doubt that lining cells were rounding up and 
engulfing red blood corpuscles and polymorphonuclears; the dye was in fairly 
large granular masses and vacuoles were present. Some of these cells were 
quite round; others, spindle shaped, with their poles prolonged into fine 
processes; others were slender and elongated. They were superficial to the 
clasmatocytes, which could be identified at a deeper level in the spread- 
preparation. 

It was hardly possible to distinguish varieties in the mononuclear phago- 
cytic cells in the cerebrospinal fluid and almost equally difficult in the films 
of the fluid, but here in the spread-preparations the difference in position 
assured one of the separate identity of lining cells and clasmatocytes. Meso- 
thelial lining cells whose transformation to mononuclear phagocytic cells was 
complete lay in continuity with less advanced cells and formed the surface 
of the preparation. Beneath this layer true clasmatocytes could be brought 
into focus, 

DISCUSSION 

Mallory (8) has suggested that the mesothelial lining cell of the subarachnoid 
space is a flattened out fibroblast. The fibroblast in these spread preparations 
behaved in the characteristic fashion toward trypan blue, determined by many 
investigators; no evidence was found of this highly differentiated cell be- 
coming a free mononuclear phagocytic cell in the cerebrospinal fluid. The 
mesothelial covering cell of the leptomeninges presented a reaction to trypan 
blue which was characteristic. First a few fine granules appeared in the 
cytoplasm at either pole of the nucleus. Then as the dye, on further 
injections, increased in amount, these cells underwent division, rounded up 
and showed many more fine granules of dye in their cytoplasm and in the 
most extreme case (Cat 5), many cells still lying on the trabeculae showed an 
eccentric nucleus, and accumulation of dye in the major portion of the cyto- 
plasm, and vacuoles. Furthermore, they ingested laked blood corpuscles, 
fragments or whole polymorphonuclears and became in certain respects 
indistinguishable from a clasmatocyte. Whether they became free in the 
cerebrospinal fluid or not, these experiments have not conclusively determined. 

In a study of the serosal cells of the peritoneum, Cunningham found that 
these cells did not contribute to the mononuclear phagocytic cells of peritoneal 
exudates. His review of the literature shows how difficult it is to interpret the 
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evidence and this study necessarily suffers from the same defect. It appears, 
however, that the mesothelial cell of the subarachnoid space is not identical 
with the serosal cell of the serous-cavities but is a less differentiated cell, some- 
what more primitive in type, capable of becoming under sufficient stimulation 
a mononuclear phagocytic cell. 

Other studies on the inflammation of the brain and subarachnoid space 
(Macklin (7), MacCurdy (10), Ayer (1), Essick (4), and Mertzbacher(11)) have given 
the mesodermal elements of the pia and arachnoid as the chief source of the 
mononuclear phagocytic cells. Mertzbacher indeed included the neuroglia, 
the lymphocytes of the blood and the endothelium of capillaries amongst the 
sources of his “Abraumzellen.” Yet an analysis of the above shows the 
elements of the pia-arachnoid as the chief source. Our studies indicate that 
the mesodermal elements of the pia and arachnoid capable of becoming mono- 
nuclear phagocytic cells, are not only the clasmatocytes but also the meso- 
thelial lining cells; though we did not succeed in obtaining conclusive demon- 
stration of the presence of the second group free in the cerebrospinal fluid, yet 
the finding of two clearly defined types of mononuclear phagocytic cells in 
the preparations and films of the fluid, in addition to the evidence of reaction 
of these cells while still attached to the membrane, leads us to believe that the 
lining cells of the subarachnoid space form such free mononuclear phagocytic 
cells in the cerebrospinal fluid. 


SUMMARY 


1. The injection of vital dye into the subarachnoid space outlines the 
confines of that space, demonstrating the mesothelial lining cell completely 
enclosing the fluid-channels and continuing inward in the perivascular channels, 

2. The dye is ingested by the lining mesothelial cells, by clasmatocytes, 
and by fibroblasts. 

3. Under the influence of the dye and of partially destroyed red blood 
corpuscles, the lining cells become transformed into vacuolated, mononuclear, 
phagocytic cells. 

4, The free mononuclear phagocytic cells of the cerebrospinal fluid under 
these conditions are derived from clasmatocytes and also in all probability 
from the mesothelial lining cells. 
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ON THE APPLICATION OF THE SPALTEHOLTZ 
CLEARING METHOD TO THE STUDY OF THICK 
SERIAL SECTIONS OF EMBRYOS, WITH 
DEMONSTRATION OF SPECIMENS 


By J. T. WILSON, M.B., F.R.S., 
Professor of Anatomy, University of Cambridge 


Tue Spalteholtz method of producing transparent anatomical preparations is 
now well known and widely practised. Originally introduced as a macroscopic 
method it has been extensively employed, especially in America, in the study 
of embryonic structure, and more particularly in the clearing, in toto, of injected 
embryos or considerable parts of them. It has also been extensively used in 
the clearing of embryos whose cartilaginous skeletons have been previously 
stained by the Van Wijhe method. 

At the summer meeting of the Society last year I showed a number of 
preparations to illustrate the application of the same method to series of 
quite thick sections of embryos. Since then I have prepared a number of 
additional serial preparations, several of which I am exhibiting at this meeting. 
I have found the results of the experiment so instructive that I venture once 
more to call the attention of the Society to the method as an extremely useful 
adjunct to microscopical investigation by means of serial sections of the usual 
type. 

Whilst there is nothing really novel in the procedure itself, I have not been 
able to discover any record of precisely the same application of the method in 
embryological study. In the systematic study of embryonic structure by means 
of serial sections it has hitherto been our aim, usually, if not invariably, to 
obtain complete series of quite thin sections, This is, of course, indispensable 
for the study of cytological or any minute structural detail; but much embryo- 
logical work is concerned, not with the most minute structural detail, but with 
grosser morphological features in the shape of cell-groups, tissue-masses and 
rudiments of developing organs whose form and relations can be more readily 
apprehended if studied in thickish blocks than in very thin sections. This the 
Spalteholtz method enables us to do very simply and conveniently, as I think 
my demonstration specimens will show. 

A 12mm. embryo cut in transverse series in the usual way into sections 
of, say, 10 micra thick will involve the study of some twelve hundred sections, 
each of which furnishes an image of structure practically in two dimensions 
only. To obtain from such a series anything like a vivid stereognostie con- 
ception of structure requires a considerable effort in the way of mental re- 
construction and indeed often demands actual graphic reconstruction by 
diagrams or models. I claim that much of this difficulty is obviated, so far as 
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the larger features of structure are concerned, by the study of thick serial 
sectional blocks treated by the Spalteholtz method. 

I call your attention, for example, to one of my demonstration specimens 
in which the entire system of bronchial buds in the lung of a mammalian 
embryo may be directly seen under the binocular microscope as clearly and 
stereoscopically as if they were represented in a wax plate model. Although 
the method I employ cannot in any full sense be called a new one it is perhaps 
desirable to set forth the small expedients by which such a series is prepared. 

Let us suppose there is a 12mm. mammalian embryo to be studied in 
transverse series by this method. It is first of all infiltrated with celloidin 
and a good celloidin block made of it in the usual way. This block is then 
trimmed into rectangular form, keeping fairly near, though not too close, to 
the embryo. The elongated block thus obtained has now to be cut into trans- 
verse serial sections. Before doing so it is good to cut off obliquely one of the 
four longitudinal margins of the block so that each cross section will show a 
cut-off corner for orientation purposes. 

I usually cut the sections at anything from -5 to 1 mm. in thickness, 
preferably about -5 mm. The sections may be cut after mounting the block on 
any microtome which will allow of elevation of the knife for the necessary 
distance between the sections; but I have cut practically all my sections free 
hand, laying the celloidin block on a sheet of cork and cutting vertically with 
a Gillette razor blade held in the hand. I use a pair of magnifying spectacles 
during the operation. Such free hand operations, of course, involve some 
irregularity, both in thickness and in plane, but it is not necessary to have 
the sections of equal thickness and there is sometimes a certain advantage in 
varying both the thickness and the plane. Thus, for example, with a curved 
embryo one can often with advantage ciit somewhat wedge-shaped slices. 
Their structural relations can quite easily be correctly interpreted when they 
are mounted. A 12 mm. embryo will yield, say, 24 half-millimetre sections. 

As each section is cut it is transferred to a capsule of alcohol or water. 
Commonly a dozen capsules will suffice in the case of an object of this size, 
for it is usually easy to distinguish the second cycle of sections from the first. 
But, of course, any other expedient for keeping the serial sections in their 
proper order may be adopted. 

During cutting, the block must not be allowed to get dry. After cutting, 
the sections are transferred to distilled water, if they have not been placed 
directly in it; or they may be transferred directly to the staining fluid utilizing 
the same capsules. The staining of the blocks is of the utmost importance. 
The secret of the method, indeed, is the attainment of an adequate but very 
light and transparent stain. I have obtained the best results with a very weak 
haematoxylin stain. 

I usually stain in a fluid consisting of 5 per cent. ammonia-alum solution, 
to which has been added enough haematoxylin stain to give a claret-and-water 
colour. In this the sections remain all night. It is sometimes advantageous 
to differentiate for a few hours in pure ammonia-alum solution, 5 per cent. The 
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sections are then transferred to distilled water in which it is necessary to wash 
out the alum thoroughly otherwise crystals form during de-hydration. At this 
stage, of distilled water, they are now to be fixed on a microscope slide. A 
10 to 20 per cent. solution of clear gelatin is prepared, to 50 c.c. of which a few 
drops of absolute phenol are added. I keep a stock of this in a wide test tube 
and heat it up as required in a beaker of water. A layer of the gelatin is poured 
on an ordinary microscope slide and with a fine forceps the celloidin sectional 
blocks are, as quickly as possible, placed in the warm fluid gelatin layer arranged 
in their proper serial order. The obliquely-cut corner of each section permits 
of this being done readily and in correct orientation. 

In order to avoid premature setting of the gelatin before the manipulation 
is completed it is well to carry on the operation on a temporary warm stage 
formed by a glass plate placed over a beaker of hot water. During the operation 
it is well to affix a descriptive label on the slide in the gelatin of the mount. 
When the sections are in position the gelatin is allowed to set. Care must be 
taken prior to setting to get rid of any air bubbles that may form. The setting 
of the gelatin should be accelerated by placing the slide on a cold surface. 
Setting should occur before the surfaces of the sections become dry, but if 
there is any tendency to desiccation of the sections they must be kept moist 
with a wetted camel hair brush. 

When the slide is set it should be placed carefully in formalin solution, 
5 or 10 per cent., care being taken to liberate any bubbles that may tend to 
form. The slide may then be passed through ascending alcohols into absolute, 
then cleared in benzol and finally transferred to one of the Spalteholtz fluids. 

For embryonic tissues I use three parts of artificial oil of wintergreen to 
one part of benzyl benzoate. The slide is preserved permanently in this fluid. 
This is obviously one of the limitations of the method, since the slide has to be 
examined on each occasion in the fluid medium in a Petrie dish. For storage 
I use grooved glass staining jars. One could, of course, mount in balsam and 
so obtain permanent solid mounts, but this would be at the expense of just 
that optimum of transparency which makes the method so valuable; and after 
all, since it is a laboratory method and not a class method, the inconvenience, 
except for storage, is not very great. One can easily mount all the sections of 
even a 20mm. pig embryo on one 3in. by 1 in. slide. It is thus possible 
readily and rapidly to survey the whole structure of such an embryo in the 
space of one slide with the advantage of visualising the structure in three 
dimensions. 

I confess that I am not yet satisfied with my staining results. The light 
haematoxylin stain certainly gives exquisite results, and I have latterly used 
it exclusively, but it tends to fade in time and some of the series shown are 
not as good as they were some time ago. Paracarmine is permanent but too 
uniform in tone and lacking in discrimination. 

Professor Hill has suggested alum-cochineal to me but I have not had 
time to try it. I have little doubt that a suitable permanent stain can be 
devised. 
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Although I have chosen, as an example of the employment of the method, 
the preparation of a series of transverse slices, it is obvious that it is applicable 
to sections made in any direction and in planes that may be either parallel or 
non-parallel as desired. Sections of some vertebrate embryos in horizontal 
planes are most instructive as the sections of larval Amia and Cryptobranchus 
exhibited will show. 

The preliminary infiltration of celloidin, and the production of a firm 
celloidin block, are necessary in order to obtain good clean-cut slices. The 
mounting in gelatin and not in a layer of celloidin is necessary because the 
clearing fluid softens and gradually dissolves the celloidin whilst the section 
itself remains fixed in the gelatin layer. The staining of the celloidin slices 
before mounting on the slide in the gelatin is necessary since the latter would 
retain the stain or only imperfectly discharge it. I may point out that quite 
irregular uncut fragments, or blocks sliced in irregular directions, may be 
stained and mounted in quite similar fashion, often with excellent results. 
In fact celloidin blocks may be carved in a variety of ways to bring out 
special structural features with great advantage, so long as they are not so 
thick as to become too opaque after even light staining. I may add that 
whole mounts of chick embryos lightly stained and fixed on the slide by gelatin 
and then passed into Spalteholtz’ fluid are immensely superior to the ordinary 
balsam mounts of such objects, although, of course, they are not suitable for 
students’ class preparations. 

It is not suggested that the adoption of this method will in any way replace 
the customary systematic study of ordinary serial sections. The method permits 
of the employment of only quite low power magnification and the finest 
structural detail is therefore inaccessible by its means. 

But I do suggest that a complete exploitation of the structural arrange- 
ments of any moderately advanced embryo should now, if possible, include 
the preparation of one or more Spalteholtz series of thick sections in addition 
to the usual thin series in the three planes, transverse, sagittal and coronal. 

For all forms of study by the method described it is evident that the stereo- 
binocular microscope is practically indispensable. It is desirable to have an 
intense illumination of the field, and a convenient source of illumination. 
I have found the ordinary method of illumination by a substage mirror very 
troublesome in using the binocular microscope. It is often difficult to get 
both fields evenly illuminated. The mirrors supplied with the instruments 
are invariably too small. I have devised a convenient microscope table which 
permits of constant and adequate direct illumination from below and at the 
same time enables one to dispense altogether with a special stage; the top 
of the table forms a stage of far simpler and more effective character. 

The table can also be used for work with reflected light by employing any 
of the excellent electric microscope lamps, for which an alternative switch 
can be provided. 





THE ORIGIN OF THE HEART AND BLOOD VESSELS 
IN FELIS DOMESTICA 
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GENERAL INTRODUCTION AND METHODS 


Tue following observations were made on a beautiful series of cat embryos 
in the collection of Prof. J. P. Hill, and I wish to express gratitude to him not 
only for permission to work on the material but also for his guidance and 
criticism, which have served as @ stimulus throughout my work. I am indebted 
to the Scientific and Industrial Research Committee for a grant which has 
enabled me to devote part of my time to research during Sessions 1919-20, 
20-21, and 21-22. 

In this paper I shall deal only with very early stages (4-5 somites to 
15 somites), The problems considered are therefore those of the actual origin 
and very early development of the heart and blood vessels. With regard to 
the heart, I was anxious to find out how far the processes described by 
Wang (15) for the ferret occur in other mammals. In this paper Wang describes 
a “primary union” of the heart primordia and states “It should be specially 
noted that the term ‘primary’ proposed signifies that the right and left parts 
separate from one another and are again fused by a secondary union” (p. 169). 
Unfortunately Wang has misunderstood and actually misquoted my paper on 
the early development of the heart in Marsupials. He gives the impression 
that I also found the same “primary” union in Dasyurus viverrinus, which is 
contrary to fact. The principal object of the present study is to give an accurate 
account, based on a closely graded series of stages, of the early development 
of the heart in a Mammal. The material also affords an opportunity for ob- 
serving the earliest stages of development of the blood vessels. In recent years 
the problems of vasculogenesis have received a considerable amount of atten- 
tion, and, as the result of the work of a number of American anatomists, the 
theory of the origin in situ of the vessels of the embryo has been definitely 
established. It is unnecessary to give here an account of the recent work on 
the subject as McClure(6) has given an admirable summary so recently as 
March, 1921. The relative merits of the method of injection and that of study 
of serial sections have been freely discussed by various authors. Obviously, 
for the study of the development of the vascular system as a whole, both 
methods are necessary. For the purpose of discovering the actual origin of the 
cells which line the blood vessels it is clear that the injection method is 
inapplicable. 

The present paper deals with a series of ten embryos. The sections are all 
10u thick. I have made one or more graphic reconstructions of each embryo 
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which is cut transversely, and these are reproduced here as text-figures. The 
main object is to make clear the relations of the heart, pericardium and gut. 
I have, however, also graphed the aorta and aortic arch and the umbilical 
vein from their inception onwards. In so doing I have repeated some of the 
work published by Schulte in 1914 (12), and my results in general simply confirm 
his. I have not, however, followed his precedent and distinguished “hyper- 
entodermal” mesenchyme cells from vasofactive cells. In the material I have 
studied, I cannot distinguish these two types of cells. Moreover, Schulte’s 
account of their characteristic features appears to me unconvincing. Referring 
to the distinction between hypectodermal mesenchyme and vasofactive 
cells, he says (pp. 42, 48): “‘These (vasofactive cells) are readily distinguished 
from the other mesenchyme cells by their transverse position, in addition to 
their slightly more abundant protoplasm and slightly paler stain....The trans- 
verse position of the vasofactive cells requires explanation. They stand out 
clearly against the other mesenchyme cells which have their long axis in 
general radial, and are further distinguished by their rather deep position, 
near or in the almost cell-free interval between the bulk of the mesenchyme 
and the compact layer of parietal mesoderm.” Apparently he means this 
distinction to apply also to hyperentodermal mesenchyme and vasofactive 
cells. Unfortunately he does not explain to what plane the vasofactive cells 
lie “‘transverse’’ or the mesenchyme ones “‘radial” and his figures do not 
make this distinction clear. In his fig. 24, plates of “‘mesenchyme cells” 
(green) form the continuation of “‘anlages of the dorsal aorta” and in reference 
to fig. 24 he says (p. 48): ““A second endothelial sac in the aortic lines is 
situated just cephalad of the somites, ending near the first somite in continuity 
with a flattened plate of mesenchyme cells.”’ It seems evident that such plates 
of mesenchyme cells must become absorbed in the formation of the aorta and 
if so they are, ipso facto, vasofactive cells. In any case no distinction in position 
or staining capacity can have greater weight in identifying a cell as vasofactive 
than the fact that such a cell does contribute to the formation of the wall of a 
blood vessel. Schulte appears to me to have based his distinction on the 
grounds of position and staining capacity and to have failed to justify this 
distinction when tracing the subsequent fate of the cells. Furthermore, in all 
probability the vasofactive cell is simply a modification of the mesenchyme 
cell so that the distinction is in any case of minor importance. In making my 
reconstructions I therefore included as nearly as possible every individual 
cell which lay between entoderm and mesoderm in every stage. A study of 
the series of graphs reproduced in this paper shows that these cells disappear 
gradually and their place is taken by blood vessels; it is therefore natural to 
conclude that these cells do form the walls of the blood vessels, and if so, they 
are vasofactive. The majority of the loose “hyperentodermal”’ cells (adopting 
Schulte’s term for the moment) thus undoubtedly contribute sooner or later 
to the vascular system and I shall therefore use the term vasofactive for them, 
though it is obvious that a few cells may be erroneously included in the graphs 
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and descriptions under this name. This error will, I think, have no bearing 
on any point under discussion. 

The accurate representation of so many individual cells requires the use of 
a fairly high power and the process is rather laborious even for a small number 
of embryos. I adopted a simple method of graphing which is perhaps worth 
a brief note. I selected a lens and eyepiece giving a good magnification (a 
Zeiss 8 mm. and No. 6 ocular were used throughout) and a convenient ocular 
micrometer. The value of the unit of this scale with the given lens and eyepiece 
may be taken as «mm. (in this particular case 2 = -008 mm.). If now we 
treat each unit of the micrometer as a millimetre, it is equivalent to multi- 
plying each measurement by 1/a# (in this case = 125). Using millimetre 
squared paper and taking the median groove on the brain plate as an axis 
we can plot a cell which is situated at a distance from the middle line of 30 units 
on the micrometer as 30 mm. from the axis. If we plot each section (10) 
at a distance of 1-25 mm. from the preceding section, we obtain a fairly accurate 
graphic reconstruction at a magnification of 125, without multiplying each 
measurement. This is a great saving of time when each graph represents some 
hundreds of measurements. Obviously its ease depends on the value of the 
micrometer scale, but by the use of different lenses it is generally possible to 
get a condition in which the method is practicable. Moreover, a small error, 
if produced, is generally of no importance as it remains constant throughout 
a given series of graphs and in a case like the present one, will have no effect 
on conclusions. In the case of endothelial tubes, blood vessels and vasofactive 
cells, each section was carefully graphed, but for the outlines of the gut, 
pericardium and myocardium it was generally possible to get a fairly good 
outline by graphing every fourth section. 

In the graphs each cell is represented by a dot; unless otherwise stated. 
all the cells lie between the mesoderm and entoderm. 


DESCRIPTIVE PORTION 


Stage I. Felis domestica (31.3.09, C.), 4-5 somites, 

Fig. 1! represents a graphic reconstruction of the pleuro-pericardial meso- 
derm and the vasofactive cells of the right side of this embryo. The pleuro- 
pericardial canal does not yet possess a continuous lumen, but its position is 
marked by a thickening of the mesoderm which shows a tendency to split 
into dorsal and ventral layers. The outline of this mesoderm is represented by 
a broken line in the figure (P.p.m.), the transverse lines indicate the absence of 
a lumen, the interruptions in these lines represent the occurrence of a cavity. 

1 N.B. In all the graphs the following conventions have been observed: 
Outlines of the pericardium and myocardium are indicated in fine broken lines. 
Outlines of the gut are represented in heavy broken lines. 
Outlines of the brain and layers of ectoderm are represented by an unbroken line. 
Vasofactive cells are shown as dots. 


Blood vessels and angiocysts are represented by solid black. 
All graphs are reproduced at a magnification of 62-5. 
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It is thus seen that the pleuro-pericardial mesoderm is recognisable as a con- 
tinuous horseshoe around the anterior end of the embryo, reaching its maximum 
development at the level of the first somite. 

Small, isolated clefts are present in the in oe 
mesoderm throughout the extent of the /AMP’ "Sa. 

horseshoe, and in the region of the greatest : = 
extent of the pleuro-pericardial cavity a "ar a OA. Fig tt. 
continuous lumen is present. Behind this && x 
region the pleuro-pericardial canal narrows 
abruptly and becomes unrecognisable at 
the level of the posterior margin of the 
third somite. 

The vasofactive cells in the head end 
of the embryo may be seen to be grouped 
in two main lines, the one nearer the 
median line representing the future dorsal 
aorta, the lateral one being the primordium 
of the endothelial heart tubes and vitelline 
veins. Only in the anterior end of the 
aortic line is a definite, hollow vessel pre- 
sent (A.D.A.). It is easily seen from the 
graph that the vasofactive cells of the aorta 
fall into anterior and posterior positions, 
separated by a gap of about 100 mm. This 
interruption in the line of the aorta is 








— > 7: 
ae Ok HE ee 








recognisable in each of the early em- 
bryos figured and is also seen in some of 
Schulte’s (12) figures. The vasofactive cells 
of the anterior portion of the aorta are 
not so numerous as those of the posterior, 
which moreover become denser as we pass 
backwards. It is a matter of considerable 
difficulty to determine the exact site of 


Fig. 1. Felis domestica, 4—5 somites (31.3.09). 
Stage I. Graphic reconstruction of the 
pleuro-pericardial mesoderm and vaso- 
factive cells of the right side of the embryo. 
The solid portions of the pleuro-pericardial 
mesoderm is indicated by lines drawn 
parallel with the sectional plane. The 
region where the canal is developed is left 
unlined. The arrow marks the anterior 


origin of the cells of the aorta line, but eedior of the Rest: somite. 


the appearances in this embryo and in the 7 somites and 8 somites stages are 
fairly conclusive in regard to the anterior portion of the aorta. The vaso- 
factive cells in front of the gap in the aorta have every appearance of arising 
directly from the head mesoderm which is here fairly sparse (fig. 2). In the 
region of the gap, the mesoderm is distinctly more closely packed and less thick 
dorsi-ventrally. It is noteworthy that the- medullary plate in this region is 
flat and widely open, whereas both in front and behind the gap in the aortic 
line, medullary folds rise up to a greater extent. This fact probably accounts 
for the compactness of the mesoderm and possibly also for the absence of 
vasofactive cells in the aorta line. Probably thecells in the aorta line behind 
its interruption and in front of the first somite also arise from the mesoderm 
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lying immediately dorsal to them. In the region of the somites many of the 
cells of the aorta lie directly ventral to the somite and, as pointed out by 
Schulte (12), appearances do not suggest the origin of vasofactive cells from 
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Fig. 2. Felis domestica, 4-5 somites (31.3.09). Transverse section. In position indicated 
in fig. 1. x 130. 


somites in such a stage as this. On the other hand, in this region both the 
somitic stalks and the splanchnic mesoderm appear to be active in producing 
vasofactive cells and it seems possible that the cells of the aorta have arisen 
laterally and migrated towards the middle line (see fig. 2). 

Scattered cells lie between the two main lines of vasofactive cells which 
at the level of the second somite are connected together by a network of cells. 
The cells destined to form the endothelial heart tubes are scattered throughout 
the antero-posterior extent of the pleuro-pericardial mesoderm, reaching 
actually to the middle line anteriorly. They become most dense in the region - 
of the somites; where they also become continuous with those of the extra- 
embryonal area and with the aortic line. Behind the portion represented in 
d the graph, the vasofactive cells gradually become less concentrated. 

q At the anterior end of the head of this embryo there are a few vasofactive 
cells which are destined to contribute to the formation of the vena capitis 
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Fig. 3. Felis domestica, 4-5 somites (31.3.09, C.). Transverse section in region of first somite 
(position shown in fig. 1). x 130. 


medialis. Some of these are shown in fig. 2 (V.C.M.), where on one side of the 
embryo the cells are actually grouped so as to surround a small lumen. These 
cells occur in the region of maximum development of the dorsal aorta (i.e. 
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where it actually forms an angiocyst), but are separated from it bya continuous 


layer of head mesenchyme. Moreover, 
in some sections the appearances point 
very definitely to the direct origin of 
such cells from the dorsal surface of the 
head mesenchyme. In the following 
stage, the same appearances will be 
noted. 

This embryo, and, indeed, ali this 
series, show a number of cells between 
the mesoderm and the ectoderm such 
as are described by Schulte (12). In the 
head region these all appear to belong 
tothe vena capitis medialis; in the region 
of the somites many of them arise from 
the somatic layer of the mesoderm of 
the pleuro-pericardial canal, but others 
are situated close beside the neural 
tube in the position characteristic of the 
vena capitis medialis and its posterior 
continuation (fig. 3). 

Stage II. Felis domestica. 31.3.09. 
A,and B., both embryos, having 7 so- 
mites, 

Fig. 41 represents a graphic recon- 
struction of the pleuro-pericardial 
canals, aorta, endothelial heart tube 
and vasofactive cells of the left side of 
embryo A. The outline of the myocar- 
dium which is now beginning to develop 
is also represented. The relations of the 
parts in median longitudinal section 
are shown diagrammatically in fig. 4a. 

The pleuro-pericardial canal is now 
luminated throughout the greater part 
of its extent, but a small portion in 








the middle line isstillsolid. Itresembles Fig. 4. Felis domestica, 7 somites (31.3.09, A.). 


that of the preceding stage, but the 
narrow anterior portion has become 
longer in antero-posterior extent, and 


StageII. Graphic reconstruction of the pleuro- 
pericardial canal, myocardium, vasofactive 
cells, dorsal aorta and endothelial heart tubes 
of the left side of the embryo. 


the posterior expansion is wider than Fig. 4a. Diagrammatic longitudinal section 


that of Stage I. If the anterior border 
of the first somite be taken as a fixed 


through the anterior end of the embryo. 


x 62:5. 


point, it is obvious that growth in length has occurred in the head region. 
1 In figs. 4, 6, 7, 10, 12, 13, for U.V. read V.V. (vitelline vein). 
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The dorsal aorta has now become converted into a continuous vessel 
through a considerable portion of the embryo. In the head region, it is some- 
what irregular with lateral offshoots—the descendants of the scattered vaso- 
factive cells between the aorta line and the heart line in the previous stage. 
These in some cases anastomose with each other. In this embryo we see again 
a well-marked interruption in the aorta, with only a few vasofactive cells 
beginning to bridge this gap. The relations of the mesoderm and of the brain 
plate in this embryo are similar to those in Stage I, i.e. the interruption in the 
aorta corresponds with a flattened region of the medullary plate and a denser 
and dorsi-ventrally thinner portion of the mesoderm. 

It may be noted here that the dorsal aorta in the region of the somites 
instead of occupying a mechanically favoured position, as described by 
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Fig. 5. Felis domestica, 7 somites (31.3.09, A.). Transverse section through the first somite on 
one side and the first intersomitic cleft on the other. x 130. 


Bremer in the rabbit, lies beneath the somite at its point of maximum depth 
(see fig. 5). 

The vasofactive cells of the heart and vitelline veins are most numerous 
in the region of the posterior somites, where they extend across a wide zone 
bounded by the aorta on the median side. At the level of the first and second 
somites the cells become limited to a strip underlying the pleuro-pericardial 
canal and penetrate right to the middle line slightly behind the median portion 
of the canal. Immediately in front of the first somite a portion of endothelial 
heart tube is definitely established, and this lies in a typical myocardial gutter. 
The extent of the myocardium is also shown in fig. 4. 

Much confusion occurs in the literature of the early development of the 
heart, owing to the impossibility of drawing a clear line between the portions 
of the endothelial tube destined to form heart and vitelline vein respectively. 
Wang (15) uses the term “‘vitelline vein” for even the anterior portion of the 
structures commonly called lateral heart tubes (pp. 120, 169, ete.) and also 
applies the term to structures which I described as lateral heart tubes in 
Dasyurus (pp. 128, 183). Moreover, in fig. 18, he shows a “vitelline vein seen 
through the pericardium” and obviously situated in a deep myocardial gutter. 
Observations on slightly later stages of Amniote embryos show that the 
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ventricular region can be distinguished from the atrial region by the fact that 
in the former the myocardium is separated from the endothelium by a space 
which is bridged, as development proceeds, by strands of protoplasm which 
foreshadow the thick muscular walls of the ventricle (see (7), fig. 14), whilst 
in the auricular region the myocardium is closely applied to the endothelium 
(see (7), figs. 17 and 18). In Perameles ((7), fig. 9), Dasyurus ((7), fig. 24) and 
Felis, as well as in the ferret ((15), fig. 18), this distinctive feature of the 
ventricle is noticeable even before union of the lateral heart tubes. It therefore 
appears correct to refer to that region which is situated in a definite myo- 
cardial gutter as a lateral heart tube rather than as a vitelline vein. In my 
previous paper I described the endothelial tubes from the bulbus aortae 
anteriorly, to the opening of the Cuverian ducts posteriorly, as lateral heart 
tubes, and I think that the whole of this portion of the endothelial tube is 
destined to be converted directly into the median heart. 

In the Felis embryo now under discussion, the only portion of heart tube 
present shows the features characteristic of the ventricular region and we may 
therefore assume that the bulbo-ventricular portion is the first part of the heart 
to develop in Felis. 

The myocardial gutter becomes shallow and disappears where the endo- 
thelial tube passes over into scattered vasofactive cells. At the level of the 
third and fourth somites, a portion of the vitelline vein is completely estab- 
lished. It follows the antero-posterior line of the lateral heart tube and so lies 
lateral to the pleuro-pericardial canal which here curves in towards the middle 
line. 

In bothembryos of this stage, portions of the vena capitis medialis are present 
and in some places a tubular piece of it extends through nine or ten sections. 

At the level of the cleft between the first and second somites on the left 
side of the embryo, there occur a few cells dorsal to the somatic mesoderm of 
the pleuro-pericardial canal (see fig. 5, V.C.U.V.). These represent the first 
trace of the dense mass of vasofactive cells which develop in this region and 
give rise to the capillaries from which are developed the Cuvierian duct and the 
umbilical vein (cf. Schulte (12)), On the left side of the section represented in 
fig. 5, a single cell between the somite and the neural tube represents the 
continuation of the vena capitis medialis of this region. 

The vasofactive cells continue for some distance behind the region shown 
in the graph (actually through about -9 mm.), and then disappear. There is 
no aorta established behind the region depicted in the graph. 

Stage III. Felis domestica (31.3.09, D.), 8 somites. 

Fig. 61 represents a graphic reconstruction of the pleuro-pericardial canal, 
endothelial heart tube, aorta and the vasofactive cells of the anterior end of 
this embryo, which resembles the last stage very closely. The pleuro-pericardial 
canal is still not luminated in the middle line; it has increased slightly in width 
throughout the whole extent of its lateral limbs. Two distinct portions of the 
1 See footnote, p. 110. 
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dorsal aorta are again recognisable and a considerably greater length of the 
endothelial heart tube is now established. The myocardium has also increased 
in length and a comparison of figs. 4 
and 6 indicates that differentiation of 
myocardium has taken place both anterior 
and posterior to the portion existing in 
Stage II. The endothelial heart tube is 
continuous posteriorly with a short por- 
tion of vitelline vein, but this is not yet 
connected with the capillaries of the 
vitelline network. Vasofactive cells lying 
below the pleuro-pericardial canal con- 
tinue forwards but do not actually reach 
the middle line in this embryo. 

The relations of the brain plate to the 
ectoderm and entoderm of the pro- 
amniotic area and to the pleuro-peri- 
cardial canal are somewhat peculiar (see 
fig. 6 a). The brain plate in the middle 
line is much sunk relatively to the ecto- 
derm lying in front of it; laterally the 
medullary folds rise up level withthe non- 
neural ectoderm. This elevation of the 
proamniotic region may be interpreted 
as a head fold of the amnion; if so, it is 
precociously developed in this embryo, 3! 
for it is not present in any other stage Fig. 6. F clis domestica, 8 comites (31. 3.09, D.). 
described in this paper. It may be noted Stage III. Graphic reconstruction of the 

sie ; : pleuro-pericardial canal, myocardium, vaso- 
here that an amniotic tail fold is present — §, tive cells, dorsal aorta and endothelial 
in this embryo. heart tube of the left side of the embryo. 

In this stage, as in the embryos having Fig. 6a. Diagrammatic median longitudinal 
7 somites, traces of the vena capitis section through the anterior end of the 
medialis are present, both in the region ae 
of the fore brain and in that of the somites, but this vein shows no advance 
on the preceding stage. 

At the level of the first somite, the lateral and ventro-lateral walls of the 
pleuro-pericardial canal, as well as the dorsal wall are actively producing cells. 
From their subsequent history it appears that these cells contribute to the 
formation of the group of capillaries from which the umbilical vein, Cuvierian 
duct and posterior cardinal vein are all derived. The early development of the 
umbilical vein has already been described by Schulte (12). 

Stage IV. Felis domestica, 9 somites (8.2.10, A.), G.L. 3-6 mm. (neglecting 
posterior end which was bent under). 

The most marked step which has occurred since the preceding stage is the 
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development of a head fold, resulting in the presence of a small crescentic 
fore gut. The brain, whose anterior border is indicated in Fig. 71 (4.M.P.), 
has grown forward so that its anterior end now lies in front of the anterior 
wall of the pericardium, instead of behind its posterior border as in the pre- 
ceding stage. The median portion of the pericardium has increased considerably 
in antero-posterior extent, and is luminated throughout. Comparison of 
figs. 6 and 7 shows that the shape of the pleuro-pericardial canal has changed 
considerably, for whereas in Stage III the widest part of the canal occurs some 


AMP. 





— ——— AMA. 
‘a 
Is “<—— Pp. ig. - 
Se, ON Fig Vil. 
__E.HT. 


= 
= 


. ? 
“weer nreere” 





Fig. 7. Felis domestica, 9 somites (8.2.10, A.). Stage IV. Graphic reconstruction of the fore gut, 
pleuro-pericardial canal, myocardium, dorsal aorta, endothelial heart tubes, etc. (left side of 
embryo on right in figure). Pericardium and myocardium are incomplete on the right side 
of the figure. 


Fig. 7a. Diagrammatic median longitudinal section through the anterior end of the embryo. 
Fig. 7b. Dorsal view of the anterior end of the dorsal aorta. 


distance behind the antero-median limb, in Stage IV, it is situated directly behind 
this portion. The myocardium has not increased greatly in length; it lies as 
in Stage III in the region of greatest expansion of the pleuro-pericardial canal 
and therefore it also is situated much nearer to the antero-median limb than 
in the preceding stage. It should be noted that in both stages, III and IV, 
the first somite lies near the posterior end of the differentiated myocardium 
(cf. figs. 6 and 7). 

The endothelial heart tube is now continuous with a wide vitelline vein 


1 See footnote, p. 110. 
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posteriorly, and runs forward to shortly behind the anterior intestinal portal. 
It stops short abruptly but anterior to this there are a number of vasofactive 
cells and on each side of the middle line, immediately in front of the anterior 
intestinal portal, there is a small angiocyst. These are very thin-walled and 
slender and lie isolated, posterior to the median limb of the pericardium. 

The relations of the pericardium to the gut and fore brain are best under- 
stood by reference to the diagrammatic longitudinal section (fig. 7 a). From 
this it will be seen that the fore brain projects freely in front of the gut which 
is short, whilst the pericardium lies entirely ventral to the ectoderm under- 
lying the head; thus it is situated in front of the ectodermal wall of the head- 
fold bay, instead of lying between that and the anterior intestinal portal. 
Moreover, it thus comes to lie between ectoderm and entoderm, instead of 
lying between two layers of entoderm as it usually does. The small angiocyst 
is situated entirely posterior to the median pericardium. 


M.F. 


Pp V.C.V.A. V.CV.A. 
Fig. 8. Felis domestica, 9 somites (8.2.10, A.). Transverse section through the anterior extremity 
of the lateral heart tubes in the position indicated in fig. 7. x 100. 


The myocardium at its anterior extremity is entirely detached from the 
pericardium for a few sections and here surrounds the blindly ending endo- 
thelial heart tube (see fig. 8). The vasofactive cells lying outside the peri- 
cardium in fig. 8 (V.C.V.A.) are continuous with the endothelial heart tube 
and represent the primordium of the ventral aorta in that region. 

In the anterior portion of the lateral heart the endothelium and myocardium 
are widely separated, but the space between them becomes less as we pass 
backwards. 

The dorsal aorta is greatly enlarged at its anterior end and extends to the 
anterior wall of the fore gut, whilst a slight prolongation of the vessel on to 
the ventral face of the fore gut is present. This represents the antero-ventral 
portion of the first aortic arch. The aorta continues back into the region of the 
somites where it attains a considerable size and lies under the somite itself 
not under the somitic stalk. The wide anterior and the trunk portions of the 
aorta are joined by a slender irregular vessel which has now bridged the gap 
between the two detached parts of the aorta seen in the preceding stage. 
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A slender vena capitis medialis is present lying alongside the fore brain 
and opening into the anterior extremity of the dorsal aorta, It is not extensive, 
but isolated portions of it are recognisable both in the anterior and the somitic 
regions. 

The primordium of the umbilical vein has increased considerably and 
in a few sections the cells thereof are so arranged as to surround a lumen. 
A continuous vessel is not, however, established. 

This stage then is one in which there are well-developed paired endothelial 
heart tubes, surrounded by myocardium. Portions of the ventral aorta are 
present as strings of vasofactive cells and as one isolated angiocyst on each 
side of the middle line, but these are not continuous either with each other or 
with the dorsal aorta so that the first aortic arch is incomplete. 

A small head fold is developed in consequence of the forward growth of 
the brain plate, but the pericardium has not yet attained its normal position 
in the lip of the anterior intestinal portal, but lies entirely outside of the head 
fold. 

The lateral hearts are further forwards relatively both to the brain plate and 
to the median pericardium than in the preceding stage, but they retain 
approximately the same relation to the first somite. As the myocardia have 
not increased much in length it appears that this change in relative position 
is not merely due to growth of the myocardium. 

Stage IV a. Felis domestica (8.2.10, B.), 9 somites. Cut longitudinally and 
in situ. 

This embryo, although it has the samenumber of somites as Stage IV, shows 
a distinct advance in the condition of its gut, pericardium and heart. Un- 
fortunately, the sections are very oblique, so that no one is actually median, 
but that represented in fig. 9 a passes more nearly than any other through the 
middle line of the heart, whilst figs. 9 b and ¢ are lateral. The brain is partially 
closed in this embryo, the gut has increased considerably in length. The peri- 
cardium has grown both in antero-posterior extent and in dorsi-ventral depth 
and has altered its position so that in the middle line it now lies wholly 
posterior to the oral plate, in its normal position in the lip of the anterior 
intestinal portal. On each side of the middle line, however, there is a diver- 
ticulum of the pericardium running forwards and lying between the extra- 
embryonal ectoderm and entoderm beneath the head fold (fig. 9 b). 

The right and left myocardial tubes are not fused in the middle line. The 
endothelial tube shown in fig. 9 ¢ can be traced continuously from the auricular 

region through the ventricular limb which passes into the bulbus aortae. The | 
bulbus aortae is separated from the ventricle by a constriction of the myo- 
cardium, the bulbo-ventricular sulcus of Schulte(13), but no definite limit 
between the ventricle and auricle is present. The endothelium of the bulbus 
aortae on both sides is continuous with that of the ventral aorta, the right and 
left ventral aortae being now continuous across the middle line (fig. 9 a). 
From the median ventral aorta thus formed there arises the first aortic arch 
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which is now complete (fig. 9 c, 4.4. 1). From the anterior extremity of the 
first aortic arch arises a relatively large vessel, which runs up alongside the 
brain and is continued backwards for a short distance as the vena capitis 
medialis (fig. 9 c, V.C.M.). 

In the region of the somites the dorsal aorta gives rise to small inter- 
segmental offshoots, closely resembling those described and figured in 
Perameles (7), but these do not yet appear to be connected by a longitudinal 
vessel. 

The conditions in this embryo appear to resemble closely those described 
and figured by Schulte (13) in his stage with 11 somites. His figures both of the 








Fig. 9a, bandc. Felis domestica, 9 somites (8.2.10, B.). Stage IV a. Three longitudinal sections 
through the embryo. Fig. 9a is nearly median through the heart, fig. 9 6 is lateral, fig. 9c 
is still more lateral. x 50. 


endothelial tubes and of the myo-epicardial mantles of an 11 somites cat 
embryo represent approximately the conditions of the embryo here described. 

Stage V. Felis domestica (9.5.12, A.), 10 somites, G.L. 3-2 mm. 

This embryo closely resembles Stage [Va in its general condition. It is 
unfortunate for purposes of comparison that it is a small embryo, its greatest 
length being less than that of Stage IV, whilst the distance of the first somite 
from the anterior end in Stage V is -98 mm. and in Stage IV it is 1-21mm. The 
embryo is normal in all other respects, and shows a marked advance on 
Stage IV though in some respects it is probably earlier than Stage IVa. 

In Stage V practically the whole of the pericardium has receded from the 
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extra-embryonal position which it occupied in Stage IV and only two small 
solid diverticula of the walls of the pericardium now remain to represent the 
hollow lateral pockets of the preceding stage. 

Fig. 101 represents a graphic reconstruction of the endothelial heart tubes, 
aorta and aortic arch of this embryo, as well as the outlines of the gut, peri- 
cardium and myocardium. Fig. 10 a represents a very diagrammatic longi- 
tudinal section through the embryo. 

Comparing this stage with Stage IV, represented in the corresponding figs. 7 
and 7 a, we see that the fore gut has grown in length considerably, as also has 
the pericardium. The shape of the pericardium has altered again so that the 


-A.M.P. 








Fig. 10. Felis domestica, 10 somites (9.5.12, A.). Stage V. Graphic reconstruction of the endo- 
thelial heart tubes, ventral aortae of both sides and the dorsal aorta of the right side and the 
outlines of the fore gut, pericardium and myocardium of the left side of the embryo. 


Fig. 10a. Diagrammatic longitudinal section through the anterior end of the embryo. 
Fig. 10 6. Dorsal view of the anterior end of the dorsal aorta. 


median portion is distinctly shorter and deeper than in Stage IV (cf. figs. 7 a 
and 10 a). The lateral limbs of the pleuro-pericardial canals reach their greatest 
expansion immediately behind the median pericardium. The shape of the 
anterior intestinal portal has changed from a broad crescent to a reversed U 
or V. The myocardia are situated relatively further forward than in Stage IV 
so that their anterior ends now project into the median pericardium and lie ventral 
to the closed gut (see fig. 11). The well-marked constriction shown in fig. 10 
(B.V.C.) presumably corresponds with the bulbo-ventricular sulcus of Schulte. 
1 See footnote, p. 110. 
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The ventral aortae do not communicate across the middle line, but each 
is a wide vessel, interrupted at intervals by non-vascular loculi and the two 
aortae approach each other very closely in the middle line. Numerous vaso- 
factive cells are scattered between the right and left ventral aortae. The first 
aortic arch is complete and has the form of a very short, wide vessel running 
along the antero-lateral border of the fore gut to join the dorsal aorta. The 
anterior portion of the dorsal aorta is a very wide vessel, but it narrows 
abruptly in the region of the anterior intestinal portal and disappears on both 
sides of the embryo for a distance of about -04 mm. Behind this gap there is 
a slender and incompletely established portion of the aorta which, however, 
becomes larger and perfectly continuous in the region of the somites. Thus in 
this embryo the original interruption in the line of the aorta which was notice- 
able in Stages I, II and III has not yet been bridged. 





DA. 








Fig. 11. Felis domestica, 10 somites (9.5.12, A.). Stage V. Transverse section through the anterior 
extremity of the lateral heart tubes, in the position indicated in fig. 10. x 80. 


A portion of the vena capitis medialis is present, communicating with the 
dorsal side of the apex of the first aortic arch. Further back in the head there 
are, as in preceding stages, a few cells close beside the neural tube; these cells 
are destined to contribute to the vena capitis medialis, but nowhere else is 
this vessel definitely established. In the region uf the somites, there are minute 
intersegmental offshoots running medianwards and dorsalwards towards the 
neural tube, but they are not connected by a longitudinal vessel. 

The primordium of the umbilical vein now lies entirely dorsal to the pleuro- 
pericardial canal and more of the cells are now grouped so as to surround a 
lumen. 

Stage VI. Felis domestica (B.6.12, D.), 12 somites. Cut longitudinally and 
in situ. 

Only a brief reference to this embryo is necessary, as it differs in no impor- 
tant features from Stages IVa and V. The right and left endothelial tubes are 
fused in the region of the bulbus aortae and appear to communicate with each 
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other at one or two points in the ventricular region. The myocardia are 
also fused in the bulbar region but not elsewhere. The ventral aortae are still 
separate and are smaller more definite channels than in the preceding stage. 
The first aortic arch is complete and there are traces of the ventral portion of 
a second. Portions of the vena capitis medialis are present in the fore brain 
region, but I have failed to trace any connection between this vessel and the 
dorsal aorta or first aortic arch on either side in this embryo. 

This embryo appears to be very similar to that with 12 somites described 


by Schulte (13), 


LUV. 





Fig. 12. Felis domestica, 15 somites (26.3.09, C.). Stage VII. Graphic reconstruction of the heart, 
pericardium, fore gut and first aortic arch. The outline of the ventral part of the second aortic 
arch is indicated represented by a dotted line to indicate that it lies dorsal to the ventricle. 


Fig. 12 a. Dorsal view of the dorsal aorta of the right side of the embryo and the umbilical vein 
of both sides. 


Stage VII. Felis domestica (26.3.9, C.), 15 somites. Felis domestica 
(11.8.09, #.), 14 somites (cut longitudinally). 

Figs. 12 and 12 a! represent ventral and dorsal views of a graphic recon- 
struction of the former of these two embryos, whilst fig. 14a represents a median 
and fig. 14 a lateral section through the second embryo, cut longitudinally. 

The condition of the heart, pericardium and blood vessels is simple and 
stages of this type are so well known that no detailed description need be 


1 See footnote, p. 110. 
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given. Three main divisions of the heart are easily recognisable, viz. the bulbus 
aortae, the ventricle and an auricular limb which passes imperceptibly into 
the vitelline veins. The ventricle is separated from the auricular limb by a 
well-marked constriction which affects both myocardium and endothelium. 

The endothelial tubes are united throughout the bulbus aortae except for a 
short distance at its anterior end; they are united through most of the ventri- 
cular limbs, but separate at two points for a short distance. The myocardia 
are united also in the bulbus aortae and ventricle, but a groove on the ventral 
face of the myocardium indicates the line of fusion and in one portion of the 
ventricle, the twomyocardial walls diverge from each other, being hereseparated 
by a flat stretch of mesoderm, the middle cardiac plate of Schulte (13) (fig. 4). 

The asymmetry described by Schulte in his embryo with 14 somites has 
made its appearance, but is only slight in this stage; the anterior end of the 
left side of the ventricle is slightly in advance of that of the right side, whilst 
in the auricular region the asymmetry is more marked. 

The pericardium has the normal form and relations, except for the presence 
of a peculiar tubular diverticulum on the left side. This runs far forwards, 
between the extra-embryonal ectoderm and entoderm, lateral to the head of 
the embryo. It is probably a slight abnormality of no special interest for our 
present purposes. 

The first aortic arch is complete and in both embryos the ventral portion 
of the second arch is present. From the apex of the first aortic arch a small 
vessel arises and runs dorsalwards close beside the brain. This vena capitis 
medialis can be traced forwards dorsal to the anterior end of the head and it 
also runs backwards for some distance. Just behind the optic vesicle there is 
present a small portion of the vena capitis lateralis, opening into the vena 
capitis medialis. Behind this again is a small angiocyst apparently also part 
of the vena capitis lateralis, but it seems to be completely isolated. Further 
portions of these veins are present as indicated in fig. 12 a. In the region of the 
somites inter-segmental offshoots are again present, but are not connected by 
a longitudinal vessel. 

The umbilical vein shows a striking asymmetry, lying at the level of the 
auricular segment on the left side of the embryo, whilst on the right side it is 
situated in the region of the widely separated vitelline veins (see figs. 12 and 13)?. 


SUMMARY AND CONCLUSIONS 


1. Development of the pericardium and heart. 

Since the original description by Hensen in 1875 of the bilateral origin of 
the heart in Mammals, it has been regarded as established that the median 
heart is derived from lateral heart tubes which, in Mammals, take their origin 
in the hind brain region by the proliferation of cells from the ventral wall of 
the pleuro-pericardial canal. These cells become grouped to surround a lumen 
and the vessel thus formed grows both forwards and backwards and constitutes 

1 See footnote, p. 110. 
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the endothelial heart tube. At the same time, it causes a bulging of the ventral 
wall of the pleuro-pericardial canal into its cavity, forming the myocardial 
gutter or myo-epicardial mantle from which the muscular wall of the heart is 
developed. It is further recognised that on closure of the gut, the myocardia 


FG. MT. V.C.M. 





Fig. 13. Felis domestica, 15 somites (26.3.09, C.). Transverse section in auricular region of the 
heart, in the position indicated in fig. 12. x 93 








Fig. 14. Felis domestica, 14 somites (11.3.09, H.). Stage VII. (a) Longitudinal section, approxi- 
mately through the middle line of the heart. (b) Longitudinal section through the bulbus 
aortae, and first aortic arch of the right side of the embryo. x 50. 


and endothelial tubes are brought into position ventral to the gut, and those 
of the right and left sides eventually fuse. Various authors (e.g. Rouviére (9), 
Robinson (8)) have discussed the method by which these changes are brought 
about, but the main outlines of the process have only been questioned by 
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Wang (15) who states (p. 172): “It will be noticed then that there is evidence 
to show that, at a period before the formation of the fore gut the first rudiment 
of the heart in the ferret is single and is situated in the median plane of the 
embryo, caudoventral to the pleuro-pericardial cavity, in the form of a trans- 
verse endothelial tube which is destitute of any blood cells. Laterally it is in 
direct communication with the two vitelline veins one on each side of the 
embryo.” Again (p. 173): ““The next phase of development of the heart is 
represented by the separation of the ‘primary’ heart rudiment into two dis- 
tinct endothelial tubes lying closely together one on each side of the embryo, 
not far from the median plane.” : 

Attention has been drawn above to the confusion caused by the loose 
application of the term vitelline vein. Wang has applied it in his Stage III to 
a well-defined endothelial tube, surrounded by a myocardial wall (15) (fig. 18), 
which corresponds exactly with the structure usually described as a lateral 
heart tube. In his Stage II the pleuro-pericardial canal appears to be incom- 
pletely differentiated, whilst the endothelial tube is relatively advanced. There 
is, however, no evidence in his paper that his ““median heart” actually de- 
veloped earlier than the so-called “‘vitelline vein.” Both the “vitelline vein” 
and the “median heart” are absent in Wang’s Stage I, and are completely 
established in Stage IIso that no direct information is available as to the order 
and mode of development of these two structures in the ferret. It may be noted 
that in Wang’s fig. 6a (Stage II) the “vitelline vein” is much larger than 
the “median heart,” a fact which suggests that the “vitelline vein” appeared 
first. Moreover, Wang’s median heart rudiment lies caudo-ventral to the 
pericardium (15) (pp. 170, ete.), and appears to correspond exactly with the two 
angiocysts seen in my Stage 4 (fig. 7) and these lie outside the limits of the 
heart proper, and form the ventral aorta. Unfortunately, in his fig. 18, Wang 
does not give the complete outline of the myocardium, but in his figs. 19, a, b, ¢ 
and d, he shows the “‘median heart rudiment” entirely without a myocardial 
wall, whereas in fig. 18 he shows a distinct myocardial gutter around the 
“vitelline vein.”” The correct interpretation of Wang’s material therefore 
appears to me to be that his “median heart” represents a ventral aorta which 
has developed and fused in the middle line earlier than it does in most 
Mammals, whilst the heart proper has arisen in the typical way from lateral 
endothelial tubes (Wang’s “ vitelline vein” which makes its appearance between 
his Stages I and II) and is surrounded by a myocardium of the ordinary type. 
Moreover, the fact that in Wang’s Stage IV the right and left endothelial tubes 
are separate does not prove conclusively that the heart is first median and later 
separates into two tubes, for reconstructions of a number of embryonic hearts 
show that even within a species, there is a great variation in the relative de- 
velopment of different parts of the heart and in the mode of union of the right 
and left endothelial tubes. The ventral wall of the pleuro-pericardial canal 
appears to be capable of producing vasofactive cells throughout its entire 
length and it is evident that if such cells be produced at an early stage right 
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across the middle line (as is the case in my Stages I and II) a median angiocyst 
is likely to be produced before the lateral heart tubes reach a position in which 
fusion is possible. On the other hand, if few endothelial cells arise near the 
middle line (as is the case in my Stage III) no median angiocyst will be formed 
prior to the fusion of the lateral heart tubes. The work of Schulte (13) and the 
graphs in the present paper taken together show that in the cat, fusion takes 
place piecemeal, rather than at one step or even in steady progress cranio- 
caudally. It is therefore quite possible that in the particular embryo described 
by Wang as Stage IV, the early development has differed slightly from that 
occurring in the embryos described as Stages II and III. To this point I will 
return after discussing the corresponding processes in the cat. 

Several other points raised by Wang (15) in his paper on the development of 
the heart in the ferret may be mentioned here. He refers repeatedly to my 
description of a Dasyurus embryo (Dasyurus viverrinus, Stage II, 8-5 mm. A. 
in my paper of 1915(7)), and on p. 188 he states: “In the Dasyurus the endo- 
thelial tubes have come actually in contact with each other at their extreme 
cranial ends and presumably have united across the median plane of the 
embryo. It should be noted that the significance of this connection between 
the two vitelline veins across the median plane was not dwelt upon, and was 
considered only as being remarkable by Miss Parker, who states also ‘that 
lateral and caudal to the median union, each endothelial tube gives rise to 
the first aortic arch, which follows the antero-lateral margin of the gut almost 
to the median plane, and there becomes continuous with the corresponding 
dorsal aorta, the two aortae being well developed at this stage’.’’ The quotation 
from my paper though in inverted commas is inaccurate, my actual words 
being “‘Some distance behind its cephalic extremity, the lateral heart tube 
gives rise to the first aortic arch, which follows the antero-lateral margin of 
the gut almost to the middle line and there becomes continuous with the 
corresponding dorsal aorta, the two aortae being completely established in 
this stage.” 

I have re-investigated this question of union of the heart tubes in this 
Dasyurus embryo and find that the right and left tubes are not fused. Pro- 
fessor J. P. Hill, F.R.S., to whom this specimen belongs, has also examined 
its heart and agrees with this statement. Even if fusion does occur at about 
this stage in Dasyurus (i.e. about Stage II of my paper(7)), the fact would not 
support Wang’s view that the first rudiment of the heart is a median structure, 
for typical lateral endothelial tubes, surrounded by a myocardium are present 
in an earlier stage as described in my paper (Dasyurus viverrinus, Stage I, 
7-5 mm. (7)). 

I greatly regret that in Plate I, fig. 4(7), a line which should have divided 
the right and left endothelial tubes throughout the greater part of their length, 
was lost in reproduction. This brought about the inconsistency between the 
text and that figure to which Wang (15) refers on p. 175 (see fig. 15). 

With reference to Wang’s further criticism (p. 175) that I omitted to state 
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the magnification of my figures of Stages IV and V and the lengths of these em- 
bryos, it may be remarked that I refrained from comparison of lengths between 
Stages IV and V for several reasons. In 
the first place the embryos are of dif- 
erent species and are therefore even 
more liable to variations in size than 
two embryos of the same species; in 
the second place, Stage IV is markedly 
in advance of Stage V in almost every 
respect except the development of 
the heart. Stage V is, in fact, very 
similar to Stage III as regards the 4 . 
development of its brain. For these ( - “Pp 
reasons I did not attempt to make 
comparable figures of Stages IV and V. 
Iregret very much that I did not make 
these points clear. . 

The series of catembryos described Fig. 15. Perameles nasuta (2PA). Outline repro- 
above enables us to get a clear idea of duction of fig. 5, Pl. I, from the “Early develop- 
the development of the heart and ment of the heart, etc., in Marsupials” (7). 
pericardium from the stage of the appearance of the pleuro-pericardial canals 
and the origin of the endothelial cells of the heart and aorta up to the complete 
establishment of a median heart with a recognisable bulbus aortae, ventricle 
and auricle. The details of the process of fusion of the lateral heart tubes in the 
cat have been given clearly by Schulte (13), and will not be repeated here. 

The first stage in the development of the heart is one in which the pleuro- 
pericardial mesoderm is recognisable and forms a horseshoe around the anterior 
end of the embryo, with its median portion shortly in front of the anterior 
margin of the medullary plate. The median limb of the horseshoe is narrow and 
the lateral limbs become narrower as we pass backwards, and in the widest 
part of the pleuro-pericardial mesoderm a cavity is already present. 

Vasofactive cells are numerous and occur in greatest numbers in the posterior 
part of the pleuro-pericardial canal and caudal to this region. Two or three 
angiocysts in the anterior part of the aorta are the only ones present; the 
vasofactive cells ventral to the pleuro-pericardial mesoderm extend right to 
the middle line in front of the anterior margin of the medullary plate. 

Development proceeds by the spreading of the cleft constituting the pleuro- 
pericardial cavity, by the increase in the number of vasofactive cells, and their 
re-arrangement to form angiocysts, which coalesce to form vessels. These 
develop along two almost parallel lines one representing the dorsal aorta, the 
other the heart and vitelline vein. The development of the blood vessels will 
be dealt with in another section. The endothelial heart tube appears first 
(Stage IT, fig. 4) just in front of the level of the first somite, and there it causes 
a slight bulging of the ventral wall of the pleuro-pericardial canal, the myo- 
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cardial gutter. In this first developed portion of the lateral heart tube, the 
endothelium and myocardium are widely separated and it seems probable that 
this region represents the bulbo-ventricular limb. 

The pleuro-pericardial canal expands both in lateral and dorsi-ventral 
extent and the endothelial heart tubes and myocardia continue to grow both 
forwards and backwards. If we compare Stages II and III (figs. 4 and 6) we see 
that the main change that has taken place consists in the conversion of vaso- 
factive cells into endothelial tubes. The curious position of the median limb 
of the pleuro-pericardial canal in Stage III may be regarded as of nosignificance 
in the present connection. 

After this stage there follows one of very rapid development. The most 
important factor in the change of relations occurring between Stages III andIV 
is undoubtedly the forward growth of the brain. If we take, as a starting- 
point, Stage II (which is not complicated by a precocious head fold of the 
amnion), and imagine that the brain plate grows so rapidly that it pushes its 
anterior border forwards and at the same time the pleuro-pericardial canal 
increases in the antero-posterior direction, the condition seen in Stage IV is 
brought about, i.e. a small fore gut is developed, the median limb of the pleuro- 
pericardial canal is left lying between extra-embryonal ectoderm and ento- 
derm. The vasofactive cells lying caudo-ventral to the median limb of the 
pleuro-pericardial canal in Stage II are, in Stage IV, converted into two angio- 
cysts which still lie caudal to the posterior wall of the pleuro-pericardial canal, 
showing that no reversal of the pericardium has taken place up to this stage. 
At the same time the pleuro-pericardial canal has undergone a considerable 
change in shape and relations. Its median limb has increased in antero- 
posterior extent and its lateral limbs attain their greatest width very shortly 
behind the median limb. Moreover, the myocardia, which have not grown 
much in length (see figs. 6 and 7), now lie further forwards so that their anterior 
extremities reach almost to the median pericardial limb of the horseshoe. 
Whilst part of this change in relative position of the myocardium and peri- 
cardium is due to forward growth of the myocardium, it is evident that other 
factors have been at work. If we note the relations of the myocardium and 
pericardium to the somites we see that the first somite in both stages lies 
level with the posterior part of the myocardium, whilst the distance between 
the first somite and both the anterior and posterior walls of the median peri- 
cardium is considerably less in Stage IV than in Stage II. 

The explanation of these facts seems to be that the anterior (median) 
limb of the pericardium is increasing in size at the expense of the lateral limbs 
and that as it enlarges it also moves backwards. In Stage IV no other changes 
in the pericardium have taken place, i.e. it has not undergone reversal as 
described by Robinson (8) nor have its lateral limbs begun to close inwards as 
described in Perameles and Dasyurus(7), for the anterior intestinal portal still 
has a wide crescentic shape, and the vasofactive cells and angiocysts lie posterior 
to the median pericardium. 
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Throughout this period, vasofactive cells, wherever they may be, continue 
to be converted into angiocysts and blood vessels. The presence in Stage IV of 
two angiocysts near the middle line indicates the manner in which the “‘ median 
heart” of Wang (15) might be produced, but it may be noted here that in the 
embryo described as Stage III vasofactive cells do not extend across the middle 
line in relation to the pericardium. It seems probable that in such an embryo, 
the development of Wang’s “median heart”? would be omitted and the com- 
pleted endothelial tubes might be found separated at a relatively late stage 
as described by Wang (15) in his Stage IV. 

Following on Stage IV in Felis domestica there occurs a rapid expansion of 
the median limb of the pericardium and a change in its position, for in Stage [Va 
the pericardium lies almost entirely behind the ectodermal limit of the head 
fold, between that and the entoderm of the anterior intestinal portal. The two 
angiocysts seen in Stage IV have in Stage IVa united across the middle line and 
form a ventral aorta which is now continuous with the heart on the one hand 
and with the first aortic arch on the other. It must be noted that this median 
vessel has no myocardial gutter surrounding it. It lies at the anterior end of 
the median pericardium, i.e. in the reverse of its position in the preceding stage. 
On each side of the middle line a portion of the pericardium has retained its 
former position between the extra-embryonal ectoderm and entoderm and 
traces of these lateral diverticula are present in the next stage. This fact sheds - 
light on the process by which the pericardium shifts from its position in 
Stage IV to that which it occupies in Stages V and VI, for it must take place 
by the backward growth of the postero-ventral wall of the median pericardium 
in Stage IV, in the manner indicated by an arrow in fig. 8 a coupled with the 
backward movement of the median pericardium as a whole. This must be 
imagined as taking place in such a way as to bring about the reversal in 
position of the ventral aorta between Stages IV and IVa whilst permitting of 
the “lagging behind” of the lateral diverticula of the pericardium in the extra- 
embryonal region. 

The anterior ends of the myocardial tubes surrounding the endothelial 
tubes in Stages [Va and V have reached a position in the median pericardium 
and lie in Stage V (fig. 11) ventral to the closed gut but still separated from 
each other. From this point the heart tubes in Stage V follow a spirally curved 
course round the anterior intestinal portal so that their posterior ends lie in 
the ventral wall of the lateral pleuro-pericardial canal. At the same time, 
between Stages IV and V the lateral limbs of the pleuro-pericardial canals 
have converged towards the middle line, so that in Stage V the anterior 
intestinal portal has the shape of a narrow U instead of the wide crescent of 
Stage IV. 

The process by which the head fold is formed and the lateral heart tubes 
are brought into position ventral to the newly established fore gut thus con- 
sists in the enlargement and backward growth of the pericardium, accom- 
panied by a twisting of the pericardium. This twisting must be due to 
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differential growth which brings about a complete reversal in the middle line 
first and thus causes the heart tubes at one period (e.g. in Stage V) to take a 
spiral course between their anterior ends which lie dorsal to the median peri- 
cardium and their posterior ends which lie ventral to the ue limbs of the 
pleuro-pericardial canal. 

It may be noted that actually in the middle line in Stage V the pericardium 
is smaller in the antero-posterior direction than in Stage IV. It is, however, 
deeper in the dorsi-ventral direction (N.B. the embryo described as Stage V 
is smaller than that described as Stage IV) and a shortening and deepening 
of the pericardium in the middle line seems to me a natural phase in such a 
process of back-growth and twisting as I have described. 

By a continuation of the process of extension of the median pericardium, 
accompanied by its rotation, the lateral heart tubes are gradually shifted from 
the ventral to the dorsal side of the pericardium. 

This account of the formation of the head fold merely amplifies that given 
by Rouviére (9). Robinson (8), on the other hand, attributes a large share in the 
process of gut closure to the forward growth of the brain. I have previously 
brought forward evidence against this view(7). The reversal which I have 
described above I regard as being due not to the forward growth of the head, 
but to active differential growth of the pericardium. 

In the guinea-pig, according to Strahl and Carius (14) (figs. 21, 22, and 22 a) 
and Yoshinaga (16), the processes of gut closure and heart development do not 
appear to follow exactly the course described here in the cat. The fundamental 
point of difference between the two forms appears to be that the formation 
of the head fold takes place at an earlier stage relatively to the development 
of the heart and pericardium in the guinea-pig than in the cat, i.e. in the guinea- 
pig the brain plate grows forwards and produces the type of head fold seen in 
Stage IV of the cat series at a stage when the pleuro-pericardial canal is still 
very small. 

In Stage V (fig. 10) the vasofactive cells ventral to the median pericardium 
have become converted into a maze of capillaries constituting the ventral 
aorta and the ventral portion of the first aortic arch which is here complete. 
These capillaries are very thin-walled and therefore difficult to trace, but they 
appear not to anastomose in the middle line. As already indicated, however, 
this appears to be a point of minor importance, as fusion would probably 
occur if the vasofactive cells develop early in the middle line and might fail to 
occur if circumstances were unfavourable. 

The developmental processes following on Stage V are those concerned 
firstly with fusion of the right and left heart tubes and secondly with their 
curvature and both these phases have been adequately described in the cat 
by Schulte(13), As already remarked, considerable variation seems to occur 
in details of fusion. Schulte’s stages as designated by somites do not agree 
with mine, but wherever possible I have pointed out a correspondence between 
his stages and mine. In his 12-somite stage, which shows a stage of heart 
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development very little earlier than my 15-somite stage, there are points of 
fusion in the bulbus aortae, whilst in his 14-somite stage there is fusion both in 
the bulb, the ventricle, and at the cardio-venous angle. In my 12-somite 
stage there is fusion in the bulb, the ventricular limb and the auricular limb 
whilst in my 15-somite stage conditions as regards fusion are almost identical 
with those of Schulte’s 14-somite stage, but the heart in my embryo is un- 
curved, whilst in Schulte’s embryo it is markedly curved. The general conclu- 
sion is that different embryos vary considerably in the details of the rate of 
growth of various organs and that fusion occurs differently according to the 
relative advancement or retardation of the development of the pericardium 
and heart tubes. 

In my previous paper I referred to a suggestion made originally by Prof. 
J. P. Hill that fusion of the right and left heart tubes is rendered possible by 
growth in antero-posterior length of the pericardium exceeding its growth in 
width(7) (p. 492). This explanation was criticised by Wang(15) (p. 174), who 
slightly misunderstood my point. The process of growth in length of the median 
pericardium I regard as occurring between the stages of widely separated 
heart tubes and that of approximated (and possibly curved) tubes, i.e. between 
Wang’s Stages III and IV, between Stages III and IV in my Perameles series 
and between Stages V and VII in the Felis embryos described above. More- 
over, I expressly stated that “approximation” (not fusion) of the heart tubes 
results from such a process of longitudinal stretching. The loops into which 
the heart tubes are thrown are doubtless due to a phase following on this 
period of growth in length (i.e. a phase following on Stage IV in my Perameles 
series and Stage VII in Felis) in which the rate of growth of the heart tubes 
exceeds that of the pericardium and the former are accordingly forced to curve. 
Both these stages have occurred between Wang’s Stages III and IV with the 
result, as I believe, that the heart tubes have become first approximated and 
then curved. 

It has been pointed out by Yoshinaga (16) (pp. 302, 303) that in the guinea- 
pig the phase in which curvature of the heart tubes occurs is preceded by one 
in which “the myocardial tube grows excessively in the cranio-caudal direction 
and decreases in lateral width.” He further states that the endothelial tubes 
are brought together in the median plane, where they come to fusion by the 
extreme longitudinal stretching of that part of the myocardial tube in which 
the endothelial tubes are enclosed.” In my view, growth in length of the peri- 
cardium itself is the main factor but as Yoshinaga’s figures show clearly that 
a stretching of the myocardium in the antero-posterior direction also occurs. 

2. Development of the blood vessels. 

The most important recent work on the development of the blood vessels 
is that of the American anatomists to whom reference was made in the intro- 
duction. This work has led to the general acceptance of the theory that the 
blood vessels of the embryo develop in situ, in contrast to the angioblast 
doctrine of His. 
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The observations on cat embryos described above in general confirm those 
of Schulte(2), As his figures and mine show, the earliest stage of vasculo- 
genesis is one in whigh vasofactive cells occur scattered in the embryo and not 
connected into an angioblast network as described by Bremer (1) for the rabbit. 
Moreover, the vasofactive cells in the embryo from a very early stage are 
grouped in two main lines, an aortic line and a cardiac line. At first there are 
many cells scattered between these two lines, but as development proceeds, 
and the aorta and heart tube become definitely established, the cells lying 
between them disappear. These. cells are doubtless used to build up the walls 
of the vessels and in order to do so some of them must migrate from their 
place of origin. In the case of the endothelium of the heart, the cells arise 
apparently directly from the splanchnic mesoderm. They become grouped into 
clumps and arranged to surround a lumen, retaining approximately their 
original relation to their place of origin. The aorta in the cat arises as two 
distinct parts, separated by a gap which is not bridged until a stage having 
9 or 10 somites. In the anterior part of the head, in stages with 4 to 7 somites, 
the medullary plate has risen up slightly into folds, the mesoderm is loosely 
packed and the cells of the aorta appear to arise directly from the ventral side 
of this head mesenchyme. Behind this is a region in which the medullary 
plate in a 4-5 somite stage is perfectly flat, the underlying mesoderm is dense 
and there appear to be no vasofactive cells in the aortic line. Posterior to this 
the medullary plate again rises up somewhat. In the embryos with 7 and 8 
somites also, there is a widening of the medullary groove and the aorta is 
interrupted in this region. It therefore appears that the fact that the aorta 
arises in two portions is simply due to the presence of a region in which the 
shape of the brain plate causes a certain compression of the mesoderm, and 
this in its turn inhibits the formation of vasofactive cells. 

In the embryo with 9 somites, the medullary folds have risen up more 
completely and the mesoderm has become less dense. The aorta is here complete, 
but the site of its former interruption is marked by a reduction in its size. 

The vasofactive cells of the aorta as far back as the first somite, appear to 
arise directly from the overlying mesenchyme. In the region of the somites, 
however, as remarked by Schulte, it is difficult to determine the exact origin 
of the vasofactive cells. The somites themselves do not appear to be actively 
producing them at any stage. On the other hand, it may be noted that in 
Stage I (fig. 1) there are vasofactive cells in considerable numbers lateral to 
the somites, whereas in Stage III (fig. 6) there are few of these cells in a similar 
position. This suggests that a number of vasofactive cells arise lateral to the 
aortic line and migrate towards that line. The sectional appearances also 
confirm this view, for in Stages I and II in the somitic region there are numerous 
vasofactive cells arising from the splanchnic mesoderm, as well as from the 
somitic stalks (fig. 3). At the same time it is quite possible that, even in these 
early stages, the somites produce some vasofactive cells in addition to those 
described by Schulte(12) as being contributed later by the sclerotome. In 























The Origin of Heart and Blood Vessels in Felis domestica 131 


many sections, including that represented in fig. 5, the outline of the somites in 
Stages I and II is not very regular. On one side, in fig. 5, the section passes 
almost through an intersomitic cleft and here as in other similar sections a 
cell is seen detached from the paraxial mesoderm and projecting towards the 
aorta. This suggests that vasofactive cells may arise from the segmented meso- 
derm. Schulte (12) has suggested that some of the cells of the aorta arise from 
the paraxial mesoderm before the formation of the somites, but I have found 
no evidence of this. In Stages I and II in the region posterior to the somites, 
there is abundant evidence of the origin of vasofactive cells from the lateral 
mesoderm, cells in all stages of separation being numerous, but the cells lying 
ventral to the paraxial mesoderm are completely detached and give no clue 
as to their place of origin. 

It seems probable then that the cells which form the walls of the aorta are 
derived partly from the splanchnic mesoderm, lateral to the final position of 
the aorta, and partly from the somites (see also Schulte (12)) and somitic stalks. 

In the earliest stages described above, the formation of the main vein of 
the head, the vena capitis medialis, from the mesenchyme lying alongside the 
brain, can be observed clearly. The vasofactive cells simply become detached 
from the mesenchyme and a lumen is produced partly by a process of vacuo- 
lation of the cells and partly by re-arrangement of the cells to surround a cavity. 

Vasofactive cells which are destined to contribute to the posterior con- 
tinuation of this vessel are seen lying close alongside the spinal cord in the 
region of the somites. As in the case of the cells of the aorta it is difficult to 
locate their origin precisely but they probably arise from the somitic mesoderm. 
Until Stage IV these cells remain isolated, but in Stages [Va and VII a series 
of intersegmental offshoots from the dorsal aorta can be seen and these run 
medianwards and dorsalwards towards the spina] cord. Probably both the 
vasofactive cells lying alongside the nerve cord and the intersegmental off- 
shoots from the dorsal aorta contribute to the formation of a longitudinal 
vessel lying close alongside the neural tube. This vein in the cat, as in other 
vertebrates (Salzer(11), Grosser(3), Sabin(10), Parker(7), etc.), contributes to 
the formation of both the anterior and posterior cardinal veins. In the cat 
its anterior portion is undoubtedly developed in situ and not derived as 
described by Sabin (10) for the chick from the first aortic arch. In the embryos 
of Perameles and Macropus described in an earlier paper(7) it was noted that 
the vena capitis medialis is present in the head before it becomes connected 
with the dorsal aorta, It is therefore probable that in these species also the 
anterior portion of this vein arises in situ. 

The origin of the umbilical vein in situ from the somatic mesoderm has 
already been described by Schulte (12). From my observations it appears that 
some of the cells that are destined to contribute to the umbilical vein-Cuvierian 
duct complex arise from the splanchnic mesoderm and migrate laterally round 
the pleuro-pericardial coelom to reach their normal position in the splanchno- 
pleure. 
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FINAL SUMMARY 


1. The heart arises as two lateral endothelial tubes, surrounded by a myo- 
cardium and the first portion of the heart to appear is the bulbo-ventricular 
limb. 

2. The mode of union of the lateral heart tubes and their forward con- 
tinuations varies in different species and in different individuals of the same 
species. In some cases the right and left ventral aortae are continuous in the 
middle line before the fusion of the heart tubes takes place (Wang(15), ferret). 
In other cases the bulbar region of the heart tubes is the first part to fuse. 
These differences depend mainly on variations in the rate of production of 
vasofactive cells and the rate of growth of the pleuro-pericardial canal. 

3. The formation of the head is initiated by the forward growth of the 
brain plate, but this by itself produces no reversal of the pericardium, which 
attains its normal position immediately ventral to the gut by a process of 
backward movement and enlargement of the pericardium as a whole. The 
median pericardium increases in antero-posterior and dorsi-ventral dimensions 
partly at the expense of the lateral limbs of the pleuro-pericardial canals and 
in this way the heart tubes which are at first lateral, come to be surrounded 
by the median pericardium. At the same time the pericardium undergoes a 
rotation in such a way that a complete reversal is accomplished first in the 
middle line and the lateral heart tubes for some time necessarily follow a spiral 
course between their anterior ends which lie dorsal to the median pericardium 
and their posterior ends which lie ventral to the lateral limbs of the pleuro- 
pericardial canal. ; 

4, The lengthening of the fore gut is brought about by growth in antero- 
posterior extent of the pericardium, accompanied by a backward movement 
of the anterior intestinal portal. 

5. The approximation of the lateral heart tubes is due to the fact that 
for a time the growth in length of the pericardium exceeds its growth in width 
to such an extent that there is an actual decrease in the width of the peri- 
cardium, so that the lateral heart tubes are brought closer together. 

6. After the heart tubes have reached their position in contact with each 
other, ventral to the gut, they grow rapidly in length and become curved. Fusion 
of the right and left endothelial tubes takes place at this period, beginning 
in the bulbar region. It does not take place regularly in an antero-posterior 
direction, but portions of the bulbus aortae and ventricle remain unfused for 
some time. : 

7. Blood vessels arise in situ, the cells which constitute their walls being 
derived from the mesoderm in the region of the vessel. The exact place of 
origin of the cells of the aorta is not clear in this material, but they appear 
to arise chiefly from the lateral (splanchnic) mesoderm and migrate from their 
place of origin to the aortic line. 
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ABBREVIATIONS 


A. angiocyst; A.A. 1, 2, etc., first, second, etc., aortic arch; A.D.A. angiocyst of dorsal aorta; 
A.I.P. anterior intestinal portal; A.M.P. anterior margin of medullary plate; A.U.V. angiocyst 
of umbilical vein; A.V.A. angiocyst of ventral aorta; Aw. auricle; B.A. bulbus aortae; B.V.C. 
bulbo ventricular constriction; B.V.S. bulbo-ventricular sulcus; D.A. dorsal aorta; D.O.D.A. 
dorsal offshoot of dorsal aorta; H.H.7'. endothelial heart tube; Hc. ectoderm; Hn. entoderm; 
End. endocardium; F.B. fore brain; F.G. fore gut; G. gut; H.M. head mesoderm; L.U.V. left 
umbilical vein; M.B. mid brain; M.F. medullary fold; M.P. medullary plate; M.7. medullary 
tube; My. myocardium; P. pericardium; P. 1 lateral diverticulum of pericardium; P.p.c. pleuro- 
pericardial canal; P.p.m. pleuro-pericardial mesoderm; R.U.V. right umbilical vein; S. 1, 8S. 2, ete., 
somites 1, 2, etc.; U.V. umbilical vein; V. ventricle; V.A. ventral aorta; V.C. vasofactive cell; 
V.C.D.A. vasofactive cell of dorsal aorta; V.C.H. vasofactive cell of heart tube; V.C.L. vena 
capitis lateralis; V.C.M. vena capitis medialis; V.C.M. 1 vasofactive cells of vena capitis medialis; 
V.C.U.V. vasofactive cells of umbilical vein; V.C.V.A. vasofactive cells of ventral aorta; V.V. 
vitelline vein. 
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ON THE MASTICATORY, INTERMANDIBULAR, AND 
HYOID MUSCLES OF ORYCTEROPUS CAPENSIS 


By F. H. EDGEWORTH, M.D. 


Cuvier published two figures in which the muscles connected with the jaw 
in Orycteropus are shown, but the scale is so small that the origins and 
insertions are not clear, and there is no accompanying text. A “‘ Digastric” or 
“Digastrique” was described by Humphry, Macalister, and Chaine. Humphry 
and Chaine gave an account of the origin of the Stylohyoideus, and Bender! 
of its insertions into the C. branchiale i. 

It seemed desirable to ascertain whether a Digastricus anterior, Pterygo- 
tympanicus, and Tensor veli palatini exist; and to determine the innervation 
of the ‘‘ Digastric”’ and so make sure of its morphology. 

This became possible by dissection of specimens kindly sent me by 
Dr Haagner, of Pretoria, and Dr Arnold, of Bulawayo. 

The Temporalis arises chiefly from the Parietal and Squamous bones. Its 
origin extends forwards to the posterior margin of the Frontal bone, back- 
wards on the superior surface of the Occipital, downwards to the Alisphenoid, 
and along the inner surface of the Zygomatic process of the Squamosum, The 
origin does not reach the mid-dorsal line. The upper part of the muscle is 
covered externally by fascia which is, ventrally, attached to the upper edge 
of the zygomatic arch. The muscle extends downwards and forwards, and is 
inserted to both surfaces of the coronoid process of the lower jaw, and to its 
anterior and posterior margins. The anterior surface of the upper part of the 
muscle forms the hinder border of the orbit. In the upper part of the muscle 
there is a cleft extending inwards and forwards from the external surface to 
the coronoid process, and separating the outer part of the muscle into anterior 
and posterior portions. The hinder edge of the anterior portion glides over a 
facet on the upper end of the coronoid process to which no muscle-fibres are 
inserted. 

The Zygomatico-mandibularis, of vertical fibres, arises from the ventral 
edge of the zygomatic arch and, anteriorly, from its inner surface. It is inserted 
into the external surface of the lower jaw, above a slight ridge which extends 
downwards and forwards from the condyloid process. Its hinder portion is 
visible, externally, above the Masseter. The N. massetricus, passing outwards 
through the notch between the condyloid and coronoid processes of the lower 
jaw, sends two branches upwards into the posterior part of the Temporalis, 
and then passes forwards on the inner side of the Zygomatico-temporalis, 
giving branches to it, and then outwards to the Masseter. The muscle then 


1 Bender had only the excised pharynx and larynx at his disposal. 
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Fig. 4. Ventral aspect. The Digastrici anteriores have been removed, to expose the Intermandibu- 
laris. The Hyo-glossus has been removed on the right side, to expose the Branchio-hyoideus. 
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consists, in Schulman’s terminology, of a Portio anterior and Portio posterior, 
but the division is shown only by the passage of the nerve. The Portio posterior 
is, internally, confluent with the Temporalis throughout its whole length, and 
the Portio anterior with it at its insertion. 

The Masseter arises from the lower edge of the jugal portion of the Zygo- 
matic arch. The fibres, covered by fascia, spread downwards and backwards 
fan-like to the external surface-of the lower jaw, where it is inserted below the 
ridge passing downwards and forwards from the condyloid process. The most 
dorsal fibres lap round the neck of the condyloid process and join those of the 
Pterygoideus internus, 

The Pterygoideus externus arises from the lower portion of the Alisphenoid 
in front of the alisphenoid foramen. It passes backwards and outwards and is 
inserted to the condyloid process of the lower jaw. 

The Pterygoideus internus arises from the whole of the lateral surface of 
the Palate bone. Its origin extends, anteriorly, to the lower end of the orbital 
wing of the Frontal bone, and posteriorly, to the lateral surface of the Pterygoid 
bone—between the Pterygo-tympanicus below and the Pterygoideus externus 
above. It passes backwards and downwards and is inserted to the inner sur- 
face of the jaw below and behind the inferior dental foramen. Its upper 
margin wraps round the neck of the lower jaw just above the Processus angu- 
laris and joins the Masseter. The muscle is single at its origin; as it passes 
downwards it partially separates into three portions. The hindmost passes 
vertically downwards; the middle downwards and backwards, slightly over- 
lapping the hindmost portion; the foremost passes backwards to the jaw, 
overlapping the other two porti,,..s. Both Pterygo-tympanicus and Tensor 
veli palatini exist, and together form a digastric muscle. The former arises 
from the lower edge of the Tym;anicum, partly by means of a dense fascia. 
The fibres pass forwards and inwards, lying in a slight hollow on the outer 
side of the Pterygoid bone, from which some fibres arise. They converge to a 
tendon which passes forwards and inwards, in a cartilage-clad groove in the 
vertical ridge of the Pterygoid bone, into the soft palate where it expands into 
the Tensor veli palatini which passes inwards and forwards towards the middle 
line dorsal to the thick longitudinal muscle-stratum which forms the main 
bulk of the soft palate. 

The Tensor tympani ‘arisesefrom the anterior limb of the ring-like Tym- 
panicum and passes to the malleus. 

The Genio-hyoideus arises from the lower edge of the jaw—behind the 
attachment of the Intermandibularis. It passes backwards as a flat muscle 
ventral to the Genio-glossus, to which it gives some fibres, joins its fellow and 
is inserted into the Basibranchiale and the median ends of the C. hyalia. 

The Genio-glossus and the Genio-hyoideus are innervated by the XIIth. 

The Intermandibularis is a median longitudinal muscle immediately 
ventral to the Genio-hyoidei. Its hind end is attached to the Basibranchiale. 
Its anterior end diverges right and left; each part converges to a thin flat 














Fig. 5. Ventral aspect. The Digastrici anteriores and the Intermandibularis have been removed 
to expose the Genio-hyoidei. 
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tendon which is inserted to the lower end of the jaw at a little distance 
behind the symphysis. 

The two Digastrici anteriores form a thin sheet of transverse muscle fibres 
between the internal surface of the jaws!, There is a variable median raphé 
in the Intermandibularis and Digastrici anteriores. In one specimen (the 
one depicted) it was absent, in the other present, in both muscles. Some of 
the hinder fibres are continuous with the lower end of the Temporalis. The 
hindmost fibres are.inserted just above the tendon of the Digastricus posterior, 
but there are no fibres, either muscular or tendinous, between the two muscles. 
The hinder edge of the muscle-sheet is concave. The anterior fibres curve a 
little forwards and end on the surface of the diverging anterior ends of the 
Intermandibularis. The Intermandibularis and Digastricus anterior are inner- 
vated by the R. mandibularis V. 


Genio-gloss. 
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Fig. 7. Right jaw, inner aspect—showing the attachment of the muscles. 


The Digastricus posterior? takes origin, fleshy, from the paroccipital process 
and, tendinous, from the upper end of the C. hyale. It passes downwards and 
forwards on the inner side of the jaw and tapers to a ligament which is inserted 
to a projection on the inner side of the angle of the jaw. 

The Stylohyoideus takes origin from the upper end of the C. hyale and the 
tendinous part of the Digastricus posterior. It passes downwards and forwards 
and separates into two parts; one is inserted by two fasciculi into the C. bran- 
chiale i of the hyoid bone; the other passes on and turns inward just behind 
the posterior concave edge of the Digastricus anterior and meets its fellow in 
a median raphé. Some fibres join the posterior edge of the Digastricus anterior. 

The Digastricus posterior and Stylohyoideus are innervated by the R. 
hyoideus VII. 


COMMENTS 


1. The Pterygo-tympanicus and Tensor veli palatini are both present, and 
together form a digastric type of muscle. In possessing both muscles Oryctero- 
pus resembles Bradypus marmoratus and Choloepus among Xenarthra, and 
Manis. 


1 Mylohyoidien, of Cuvier. 
2 Digastrique or Digastric, of previous writers. 
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2. The innervation of the Digastricus posterior by the VIIth excludes the 
possibility of the muscle being a Detrahes mandibulae. 

The two Digastrici anteriores form a sheet of transverse fibres between the 
jaws and are not connected with the Digastrici posteriores which are inserted 
into the angles of the jaws. The Stylohyoideus is inserted partly into the 
C. branchiale i and partly meets its fellow in a median intersection, 

The condition of the Digastrici anteriores is thus as simple as in Mono- 
tremes, whilst that of the hyoid muscles is different from, and less primitive 
than, that existing in Monotremes, Marsupials, Xenarthra, and Manidae. In 
regard to these structures Orycteropus resembles the higher Mammalian 
orders—in which there is a Stylohyoideus, and a Digastricus posterior attached 
to the Digastricus anterior by intersection or tendon—but differs in that the 
Digastricus posterior is inserted into the jaw. 

8. The Intermandibularis is a median longitudinal muscle, and acts as a 
protractor of the hyoid. This secondary condition, which is not present in any 
other Mammal, is perhaps related to the feeble development of the Genio- 
hyoideus. The original transverse direction of its fibres is shown by those of 
the Digastrici anteriores, which have retained it. 


I havethe pleasure of thanking Dr Haagner and Dr Arnold for the specimens, 
and also Sir Arthur Keith for the loan of a skull. 

The figures were drawn by Miss Cross, 

The expenses were met by a grant made by the Colston Research Society. 
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AN ABNORMAL ATLAS 


By R. H. HUNTER, M.B., 
The Department of Anatomy, Queen’s University of Belfast 


‘Tue abnormal atlas and axis which are described below were discovered in 
a collection of bones which were being classified for use in the department. 
Both bones are of average adult size. They show no sign of disease and there 
is no indication that the condition they present might be the result of accident. 

The condition is as follows. The odontoid process is separated from the 
axis and is incorporated in the atlas as its centrum. This body lies between the 
anterior parts of the lateral masses and is perfectly continuous with them, 
there being no markings on the surface which would indicate lines of fusion. 





Fig. 1. The atlas viewed from above. 


It is fused also with the anterior arch of the atlas, but the upper and lower 
edges of this bar can be traced easily from one side to the other across its 
anterior facet, Along the groove at the lower edge there are the remains of 
the attachment of the anterior common vertebral ligament. The lower surface 
of the atlas body is smaller than the upper surface of the body of the axis and 
does not fit well with it, though the two surfaces have a general slope from 
before backwards and downwards; and the indications are that an inter- 
vertebral disc lay between them. Across the lower part of the posterior face 
of the atlas body there is a smooth groove which would lodge the transverse 
ligament. Above this groove there is a rounded swelling and beyond this the 
bone tapers to a small upper articular surface. Whether this surface met the 


1 An X-ray photograph shows that while the centrum is denser than the other parts of the 
atlas, there are no cavities between it and them. 
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occipital bone or a separated apical odontoid element I am unable to say, since 
neither of these parts was found; but the flatness of the surface from side to 
side and its concavity from before backwards (fig. 1) would indicate, I think, © 
a third occipital condyle. 

So far as I have been able to discover this is a unique specimen, the 
nearest approach to it being a specimen in Professor Bolk’s collection which 
he describes (in a letter to Professor Walmsley) as “‘a concrescence of the atlas 
with the occiptal bone in which the odontoid process is fused with the anterior 
arch of the atlas. The axis belonging to this specimen is absent.” 
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EMBALMING IN THE TROPICS 


By GORDON HARROWER, M.B., 
Professor of Anatomy, King Edward VII Medical College, Singapore. 


Tue preservation of bodies for anatomical dissection in the tropics is a some- 
what more difficult matter than in the comparatively cold climate of the 
British Isles, Singapore is situated on a small island a few miles north of the 
Equatorial line. The temperature throughout the year is fairly constant round 
about 88° Fahrenheit in the shade, but the temperature is only maintained by 
rapid evaporation from the sea, and in consequence, the atmosphere is saturated 
with moisture. After sundown the moisture is precipitated from the atmosphere, 
and by contrast the air feels quite cold due to the vaso-motor system of the 
Tropical residents responding less readily to cold than residents in a cold 
country. The combination of warmth and moisture is ideal for the growth of 
mould, our greatest enemy in the anatomical rooms. So long as the skin is 
intact the body is comparatively safe, but as soon as the tissues are exposed 
the growth of mould is wonderfully rapid. I have seen a growth a quarter of 
an inch in thickness occurring in a single night. The common bluebottle finds 
the climate to its liking and within an hour of death swarms of them are 
busy depositing their eggs in the natural orifices of the body or any fold or 
crevice available. The eggs develop rapidly and the resulting larvae (maggots) 
bore through the skin or mucous membrane and set up decomposition with 
all its unpleasant odours. On my arrival in Singapore in April, 1922, the 
injection fluid in use was an arsenic mixture of the following formula: 


Oxide of arsenic in powder }lb. 
Carbonate of potash... $ Ib. 
Water she — ... 4 pints 


Boil till dissolved and add formalin 1} pints and glycerine 1} pints. 

My first term in the Anatomy rooms was rather an unpleasant experience 
as the growth of mould caused the tissues to become soft, black, and rather 
sticky, not to mention odoriferous. The following term I commenced experi- 
menting with injection fluids to prevent if possible the mould. At Glasgow 
University a mixture consisting of methylated spirits, carbolic acid and 
glycerine was used when I was Demonstrator there. I tried this mixture in 
Singapore, but the result was rather discouraging for before the end of the 
first week the body had to be buried on account of rapid decomposition. I tried 
many other fluids varying the amount of carbolic acid and formalin with the 
addition of zine sulphate with varying degrees of success. Finally I evolved 
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the following formula which reduces the growth of mould to a negligible 
minimum: 
Acid Carbol. (crystals) 3b. 
Methylated spirits 
Glycerine 
Formalin 


of each 
1} pints 


In mixing this solution it is essential that the crystals be dissolved in the 
formalin before adding the spirits and glycerine otherwise solution is difficult. 
Heating the crystals in their container assists their solution. The total volume 
is small but the bodies are injected before the natural body fluid has time to 
evaporate. The spirit checks the corrosive action of the carbolic on the tissues 
and the hands of the dissectors, the glycerine retards evaporation and neutralises 
partly the hardening effect of the formalin. 

When the arsenic mixture was used it required the combined strength of 
two or three men to flex the thigh to get the body in the lithotomy position for 
dissection of the perineum. The position was only attained by fracturing the 
vertebral column in the lumbar region or rupture of the muscles round the 
hip joint. By the glycerine carbolic method the joints are easily flexed. 

No matter which injection fluid is used, in a climate like that of Singapore, 
it is essential that the bodies should be injected within a few hours of death. 
In twelve hours decomposition has commenced and progressed to a stage 
comparable to that in Glasgow of three to four days after death. After twenty- 
four hours the subject is quite useless for dissection purposes. While injecting 
it is important that the arms should be fully abducted otherwise there is a 
tendency for the lung capillaries to burst before the fluid has reached the 
extremities of the finger-tips due to the liability of the axillary artery to 
collapse in the adducted position of the limb. 

As a colouring mass I use one pound of starch coloured with carmine made 
up to one and half pints with water and the addition of two ounces of formalin. 
The mass is injected hot and sets firm. A period of five days should elapse 
between the two injections. Formerly in Singapore a colouring mass of the 
following formula was used: 


Red lead « 
Fat a ae? 
Boiled linseed oil 12 ounces 
Oil of turpentine 10 ounces 


The mass was injected hot but as it never set firm, when a vessel was punctured, 
the mass oozed out and it became impossible to keep the dissection clean. 
Finally, it is important that all natural orifices on the surface should be 
plugged with cotton-wool soaked in pure formalin to kill off any eggs which 
may have been deposited. If the body is washed over with oleum terebenthi 
or other cheap essential oil it keeps away flies and other insects and thus 
prevents the formation of maggots. 
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The dissection of the feet and hands offers some difficulty, as even in a 
saturated atmosphere desiccation is considerable. One method advocated 
about two years ago is to inject fluid under the skin by means of a syringe}, 
This method is quite satisfactory, but it is easier to remove the skin from the 
hand or foot at the beginning of the term and wrap the part in a cloth soaked 
in equal parts of glycerine and water to which a small quantity of preservative 
fluid is added. If the air is excluded by means of a covering of rubber tissue 
the part keeps quite soft. Even if the part has been allowed to dry after 
removal of the skin, soaking in water for twenty-four hours will render the 
part suitable for dissection. 


1 Q.V. Batson: ‘ Restoring mummified anatomical material,” Anatomical Record, vol. 22, p. 165. 
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RUDIMENTARY OTOCEPHALY 


By J. A. PIRES DE LIMA, M.D., 


Ordinary Professor of Descriptive Anatomy, Faculty of Medicine 
of Porto (Portugal). 


Dk Fausto Lacz sent me from the Island of Fogo (Cape Verde) the head of 
a human foetal monster. He informed me that, with the exception of the 
anomalous conditions of the head and the heart being partly displaced to the 
right side, no other anomaly was found. No further information relating to 
this specimen has been obtained. The brain was unfortunately destroyed. 





Fig. 1. Represents the head of the monstrous foetus, the mouth of which is a small 
i vertical median cleft. 


The skin was brown in colour (No. 29 on the colour scale of the skin and 
the pilose system, according to the Instructions of the Société d’ Anthropologie 
de Paris); the hair was black and curled and in colour approached to No, 48 
of the aforesaid scale. 

The head weighed 200 grammes. The mouth was the most remarkable 
feature, being reduced to a vertical cleft in the median line (fig. 1). The mouth 
cleft was 8mm. high and -5 mm. wide and was surrounded by an ovoid 
mucous border 9 mm. high and 4mm. wide. This mucous border represents 
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the lips, which are provided with but one commissure situated at the lower end 
of the cleft where the mucous border on either side comes to an end. 

No vestige of a mandible could be found by palpation, there being nothing 
but soft parts below the level of the mouth. The ears appear to occupy a very 
low position, their lobules being on a level with the inferior plane of the face. 

The following measurements were made: 





Height of the nose... not Bea ae es .. 20mm, 
Breadth of the nose... iY ane 
Distance between the base of the nose and the upper end of the mouth bs 
Breadth of the palpebral cleft ... ve Noes) | ek 
Distance between the internal angles of the two eyes See re) ert 
Length of the ear ob ae ace ts ne Po Dee 
Breadth of the ear E ee es ans oa. | ee 
Distance between the two lobules ae he st Pas Sere 


It was impossible to measure the diameters of the head, as the bones were 
dislocated. | 

On dissecting the specimen, the cavum oris was observed to be flattened 
and apparently destitute of a tongue (fig. 2). Two openings were found therein: 





Fig. 2. The orbital and palatal regions of the head viewed from below and in front. The skin 
of the face has been reflected downwards, the palpebral apertures, nasal openings, and mouth 
opening (1) being seen on its deep aspect. The palate is interrupted by a single median cleft 
flanked by the palatal processes. The dental arch (3) is narrow, its sides being nearly parallel 
and approximated towards the median plane. Below the hinder part of the palate is seen the 
faucial opening (2). 
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an anterior (fig. 2. 1), the mouth in the form of a vertical cleft with fringed 
borders, and a posterior, an oval funnel-shaped opening 4 mm. wide (fig. 2. 2), 
representing the isthmus of the fauces. 

The dental arches were lined with a festooned mucosa. Medial to the two 
dental arches and parallel with them two other arches were found (fig. 2. 3) 
on either side of a deep furrow representing the median line of the roof of the 
mouth. Between these protuberances and the dental arches other furrows, 
less deep than the median one, were seen. The maximum distance between the 
dental arches was 12 mm. 





Fig. 3. Dissection of the basis of the head, in which the atrophied mandible (1), some subjacent 
muscular fascicles (2, 3), the rudimentary basis of the tongue (4) and the section of the 
oesophagus (5) are to be seen. 


No vestibulum oris was present and the soft palate was reduced to a small 
fold with a free concave border. 

On dissecting the neck a very much atrophied representative of the 
mandible was found. It was inserted below the cavum oris, in the formation 
of which it took no part (fig. 8. 1). It was greatly deformed and was closely 
applied to the base of the skull. 

The symphysis mandibulae was only 20 mm. distant from the prevertebral 
region. Its anterior surface was very slightly convex, its inferior border was 
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everted, the condylar and coronoid processes were relatively long and almost 
horizontal. The angle of the jaw was absent and the differentiation between 
the body and the ramus was indistinct. The total length of this bone was 
34 mm., each condyle measuring 6 mm. The height of the bone in the median 
line was 9 mm. 

Several muscles (representing the styloid and digastric groups) were found 
below and behind the mandible; the fibres of two of these muscles (fig. 3. 2, 3) 
crossed the median line and were parallel to the inferior border of the bone. 
Behind these muscles a fleshy formation was lodged (fig. 3. 4) in a cavity, the 
posterior wall of which was formed by the anterior wall of the oesophagus 
(fig. 8. 5). I am of the opinion that this fleshy formation represented the root 





Fig. 4. Inferior and lateral faces of the dissected head, demonstrating: (1) the mandible, which 
does not take part in the formation of the buccal cavity, as may be verified by means of a 
stylet introduced into the oesophagus (5), and coming out of the mouth. . 


of the tongue. A seeker introduced into the oesophagus could be passed into. 
the cavum oris, as is shown in fig. 4. The same figure demonstrates how com- 
pletely the mandible was separated from the cavum oris. 

Behind the isthmus faucium was a relatively small pharynx and in the 
median line the semblance of a broad and thin uvula was found. Two small 
choanae opened into the pharynx and on its walls were well developed pharyn- 
geal openings of the two Eustachian tubes. 

Unfortunately the dissection of the head left no trace of the larynx or 
of the hyoid apparatus. The pars tympanica (fig. 4. 6) was almost completely 
fused with the rest of the temporal bones and was separated from its fellow 
on the opposite side by a distance of 27 mm. only. The anterior tympanic 
spine was very well developed. The tympanic ossicles were normal. 
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The nasal bones were triangular with the base below. The two temporal 
bones were relatively close to one another and were provided with short and 
broad zygomatic processes. The fossae mandibulares were displaced down- 
wards. 

The sella turcica was reduced in size and the dorsum sellae was still car- 
tilaginous. The posterior clinoid process was united to the anterior by means of 
a fibrous cord, 3 mm. long on the right side and 2 mm. on the left. 

When, by a teratogenic process in the embryo the two eyes are brought 
nearer to each other and atrophy of the higher part of the head takes place, 
a condition of monstrosity called cyclopia is produced; if on the other hand the 
ears are brought nearer to each other and a concomitant atrophy of the lower 
regions takes place, there results a condition which Isidore Geoffroy Saint- 
Hilaire (10) has termed otocephaly. In the group of the otocephalians he in- 
cluded five genera, the simplest of which is the Sphenocephalic, in which the 
two eyes are well separated but the two ears are close to one another and are 
united under the head, the mandible and the mouth being distinct. Only two 
of these specimens were recorded. I. G. Saint-Hilaire also mentions a twin 
monster heterodymus, in which the mouth of the parasite was imperforate. 

The Sphenocephalic genus had been recognised by the father of I. G. 
Saint-Hilaire(2). But before these taxonomic groups had been conceived 
monsters with the mouth and mandibles atrophied or completely missing 
had been recorded by several observers. 

St Isidore of Seville(s) had noted certain monsters: “Aliis conereta ore 
esse, modico tantum foramine calamis venarum potum haurientes,” while 
Ruysch (4) observed the foetus of a sheep without a vestige of a mouth. 

Other authors, ancient and modern(5), describe monsters, more or less 
similar to my case, giving them various designations. Indeed in the group of 
the Otocephalians of I. G. Saint-Hilaire the Hypomicrognathus and the 
Hypoagnathus, of Taruffi, the Nanocephalus brachygnathus and the Atreto- 
cephalus astomus, of Gurlt, etc., might be included. Taruffi cites some cases 
in which there was transposition of the viscera, as may have been the case 
with my specimen. He mentions further observations, recording, as in my 
case, atrophy of the mandible, a mouth reduced to a vertical cleft and a 
rudimentary tongue. 

More recently, Nicolas and Prenant (6) have described the foetus of a sheep 
in which no mandible was to be found and the communication between the 
mouth and the nasal cavities, as’ well as that between the pharynx and the 
larynx were missing. 

Lastly, Louis Blane(7), in a study of otocephaly occurring in 15 domestic 
animals has revised the whole question, and in creating three new genera has 
accepted the theory that this monstrosity is the result of a precocious stoppage 
in the development of the first pair of branchial arches. 

In Blanc’s series there are eight types of Otocephaly, the simplest of which 
is Agoniocephaly, characterised by: absence or rudimentary condition of the 
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mandible, occlusion of the isthmus faucium, presence of a pharyngeal sac, 
closeness of the middle ears, well formed skull and sense organs and the 
existence of a mouth. 

My specimen obviously approaches this type, but it is still simpler, as the 
isthmus faucium is not completely closed. 

As incipient forms of cyclopia have been recognised by Watkyn-Thomas (8) 
and myself (9, 10), conditions similar to the case now recorded may be regarded 
as exhibiting rudimentary otocephaly. 

However, developmental perturbations of the branchial arches and clefts 
may be much simpler than in the present case. The same teratogenic process 
may result in agenesis of the external acoustic meatus and atrophy of the 
ears only. I am acquainted with six cases of this malformation, two I have 
already published (11,12) and I hope soon to write a general survey of them all. 

The absence of a tongue within the cavum oris and the existence of a 
lingual bud behind and below this cavity in the specimen now described, 
can be explained by embryology as it is well known that the anterior part of 
the tongue has not the same origin as its pharyngeal part (13). 

This is not the first time that I have observed a similar disposition. In 
an otocephalic pig I dissected (14) (Blane’s Otocephalian sphenocephalic), both 
mouth and an independent tongue were absent, but the interior of the pharynx 
presented some mucous lingual rudiments. 

In short, the monstrous head I have described is a case of tendency to 
otocephaly and approaches Blanc’s type Agoniocephaly (Bujard’s Agnathy (15). 
Its most striking features are: the buccal cleft which has a vertical direction; 
the atrophy of the mandible and its displacement downwards and backwards 
relatively to the cavum oris; the lack of a tongue within that cavity; the 
absence of a vestibulum oris; the stenosis of the isthmus faucium and the 
approximation of the external and middle ears of the two sides. 

In my opinion, this monstrosity is closely related to the cases of agenesis 
of the external acoustic meatus, which are sometimes complicated with atrophy 
of the mandible and are, so to speak, the first step of a developmental perturba- 
tion, which, were it more profound, would lead to otocephaly. 

My best thanks are due to my assistant, Dr Alberto de Souza, for the 
drawings. 
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NERVE ENDINGS IN MUSCLES 
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(Plates I—IV) 
I. INTRODUCTION. 
STATEMENT OF Facts AND VIEWS MORE OR LESS PRECISELY ESTABLISHED. 


(a) Motor-nerve termination in striated muscle fibres. The small medullated 
nerve stem, on entering the striated muscle, little by little splits into separate 
fibres the number of which considerably increases owing to repeated dichoto- 
mous division. 

All the fibres lie in the interstitial connective tissue (perimysium internum), 
where between the nerve bundles are very frequently found transverse and 
oblique anastomoses so that to a certain extent it is possible to recognise in 
the muscle the existence of nerve plexuses, The branches of this plexus in the 
shape of medullated nerve fibres approach the muscle fibres and terminate in 
them, often dividing into two or three small branches. 

According to the predominating opinion, at the place of entrance into the 
muscle fibre, the sheath of Schwann joins with the sarcolemma, the nerve fibre 
loses its medullary sheath but the axis cylinder passes inside and, ramifying, 
places itself immediately under the sarcolemma in the isotropic substance of the 
muscle fibre. 

All these statements concern vertebrate animals and according to the work 
of many investigators (Rouget, Kuhne, Ranvier and others) are definitely 
established. There are only a few investigators (Krause, Kolliker) according 
to whom the axis cylinder does not enter the muscle fibre but places itself on 
its surface. Nevertheless, in spite of the very authoritative names of the last 
named authors, their opinion, in view of a great number of observations, which 
prove that the axis cylinder passes through the sarcolemma cannot be sustained. 
As to the further relations of the axis cylinder inside the muscle fibre, they 
may be different in different animals and from very exact data we may accept 
two types of nerve endings: (A) in the shape of terminal plates of Rouget, and 
(B) in the shape of Kuhne’s bundles. 

(A) Terminal nerve plates of Rouget. Every nerve plate consists of two 
parts: (1) the ramification of the axis cylinder, and (2) the finely granular sub- 
stance of the so-called granular lining of Kuhne. The axis cylinder in the ter- 
minal plates divides into a very large number of branches, which have an 
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irregular shape; in some places they thicken, in others on the contrary they 
become as fine as the thinnest filament. 

All these ramifications lie immediately under the sarcolemma on the 
granular ag into the thickness of which they perhaps do not penetrate and, 
consequently, are not in immediate touch with the contractile substance of 
the muscular fibre. There are cases in which a thin filament separates itself 
from the terminal plate, leaves the given muscular fibre and terminates in 
another (Perroncito). 

As to the granular lining of the nerve plate, our knowledge concerning its 
structure and especially its designation is still very insufficient. It is very 
possible that here we are dealing with a more or less considerable accumulation 
of sarcoplasm of the muscular fibre. This is all the more credible because in 
the terminal plates a large number of nuclei may also be seen. These latter 
Ranvier divides in this way: (1) nuclei of the granular substance (noyaux 
fondamentaux), (2) nuclei, belonging to the ramifications of the nerve (n. de 
larborisation), and (3) nuclei of the sheath of Schwann covering the terminal 
plate (n. vaginaux). 

The terminations of nerve fibres in the shape of terminal plates characterise 
the reptiles, birds and the mammalia. 

(B) In the frogs and generally in the amphibia the nerve terminations of 
the second kind are found in the shape of Kuhne’s terminal bundles. In this 
case the axis cylinder after passing through the sarcolemma, ramifies as in the 
plates, but these ramifications appear in the shape of long thin threads, running 
under the sarcolemma in most cases along the muscular fibre and seldom at an 
angle. 

The terminal filaments appear to be of even-calibre or moniliform (Tchiriev). 
Along their extent nuclei are met with, to which Kuhne attributed special 
importance and called them terminal buds. However, this interpretation has 
not been accepted. In all probability these nuclei belong to the muscular 
substance. In this kind of nerve termination there is absolutely no granular 
lining, so that the terminal threads lie immediately in the isotropic substance 
of the muscle fibre. They never penetrate, however, into the depth of this 
latter, but end in attenuated or sometimes thickened terminations. 

From the foregoing we see that the nerve fibre, although closely associated 
with the muscular fibre, has with it no organic connection. 

(b) Termination of the motor nerve in smooth muscle. The nerve fibres which 
run into smooth muscle, form several plexuses. Klebs, to whom we are in- 
debted for an exact description of the course of nerve fibres in smooth muscula- 
ture, describes three nerve plexuses: (1) fundamental, consisting partly of 
medullated nerve fibres and still lying outside the muscular layer, (2) interstitial 
or intermediary, consisting of non-medullated fibres and lying between the 
muscular bundles, and (8) the intramuscular also of non-medullated fibres 
situated between the separate muscle cells. 

At the present time it is possible to state with great certainty that the 
Anatomy LvuI 1] 











154 N. Kulchitsky 


terminal threads of the intramuscular plexus terminate on the surface of the 
part of the smooth fibre which contains the nucleus by a simple method of 
spreading and which Ranvier called the motor point (tache motrice). It is 
necessary to remark, however, that this kind of termination is strictly proven 
only for some invertebrates—namely for smooth muscles of the leech (Ranvier, 
Hanzen). For vertebrate animals this arrangement is not quite confirmed, 
but may be considered very probable, as shown by the investigations of 
Gsheidlen and Loevit. 

Recent observations show that the finest nerve fibres penetrate between 
the separate muscle cells, touching them without any enlargements on their 
terminations (Arnstein, Retzius), or encircling the muscle cell by moniliform 
terminal threads (Agababoff, Timofeieff). 

(c) Termination of the nerve in connective tissue. Recently it has been shown 
with certainty that in the connective tissue the nerve fibres may terminate in 
the same way as has long been accepted for the epithelia. In different kinds of 
connective tissue (fascias, synovial membranes, membranes of brain, tendons, etc.) 
a considerable number of separate forms of nerve terminations have been 
discovered which, however, may be divided into two groups: 

(1) Terminal meshes. In a certain place the nerve fibre loses its medullated 
substance and for some time runs in connective tissue in the form of an axis 
cylinder, deprived of its sheath. This terminal nerve thread divides several 
times, and between the dividing fibres numerous anastomoses are formed and, 
finally, a mesh of the finest nerve filaments arises which constitutes the ter- 
mination of the given nerve fibre (Nicholadoni, Ivanoff, Janchick and others), 
Further, in describing the nerve termination in the cornea of the eye, rather 
in its “stratum proprium,”’ we shall consider an example of a terminal mesh 
and will illustrate it. 

The terminal network may be combined with free terminations, i.e. finest 
moniliform filaments may leave the terminal mesh and terminate freely. 

(2) Free terminations. In connective tissue formations there exist, without 
doubt, also free terminations of the nerve fibre. Usually they present the 
following relations. The medullated nerve fibre in one place or another loses 
its medullary sheath and then runs in the connective tissue as a naked axis 
cylinder which terminates with free terminal ramifications. These latter vary 
very greatly in appearance; usually they appear either in the shape of little 
bushes of short threads, or as a brush-like or arborescent formation, ete. It is 
better to say—the terminal ramifications, identical in substance, submit with 
great difficulty to description in every individual case. 

Out of all these forms it is, however, possible to recognise the sensory plates 
described by Smirnoff, which he found in the endocardium, and which were 
afterwards described by A. Dogiel in the. walls of the blood vessels. The plates 
of Smirnoff also represent the terminal ramifications of the sensory nerve fibres 
in the form of short threads, always terminating with enlarged ends. In this 
respect they differ very slightly from other free terminations of the nerve in 
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connective tissue, but, nevertheless, they also have their characteristic pecu- 
liarity—namely, the ramifications of the axis cylinder rest on a plate of granular 
substance, similar to that in the motor plates of striated muscle fibres. 

(d) Nerve terminations in tendon. Experimental investigations (Kattaneo) 
show that the nerve terminations in tendons belong to sensory nerves. 

In their simplest form they fully correspond to the free terminations already 
described in connective tissue. The medullated nerve fibre, on approaching the 
place of termination in tendon, loses its medullary sheath and the naked axis 
cylinder penetrates between the secondary bundles, possibly divides several 
times and in the end terminates by more or less rich terminal ramifications. 
In Amphibia, the terminal ramifications bear the character of long threads 
stretching along the tendon bundles, 

In mammals and man, the nerve terminations in tendons are, in substance, 
constructed in the same way, but differ in their external appearance. At the 
site of their disposition, usually at the transition of the muscle into tendon, 
part of this latter represents a spindle-like swelling. Several names have been 
given by the authors to these terminations—tendon spindle (KéOlliker) or 
muscle-tendon organ (Golgi). 

The nerve terminations in tendon of the Mammalia were quite precisely 
described by Golgi. They are also called in honour of this scientist—corpuscles 
of Golgi. 

The nerve fibre, on approaching such a corpuscle enters into it, preserving 
the character of a medullated fibre. The membrane of Henle at this time 
becomes continuous with the membrane of Golgi’s corpuscle. Inside this latter 
the nerve fibre subsequently divides two or three times, i.e. into branches of 
the second and third order, and only then loses its medullation. The naked 
axis cylinders appear already as terminal branches, which at a more or less 
considerable distance from their origin, divide into terminal ramifications in 
the shape of beautiful bushes of meshes wherein the free filaments terminate 
in most cases by definite swellings. 

The sensory terminations in one form or another are proper to all tendons 
and are found not only in the region of attachment of the muscle to the tendon, 
but along all the course of the tendon (Ciaccio). In all probability the termin- 
ations in tendons are identical in substance with the nerve terminations in 
fascias and other connective tissue membranes (Ivanoff). To this same category 
of nerve terminations it may be necessary to add the corpuscles of Ruffini, 
which are found in the skin of the fingers, in the deep layers of “‘corium” and 
even in the subcutaneous cellular tissue. 

The corpuscles of Ruffini have an oval shape, in size they attain 1-35 mm. 
and they are clothed in a compact membrane. The relations of the nerve fibre 
to this corpuscle are exactly the same as in the tendon spindles of Golgi. 

(e) Terminations of sensory nerve in striated muscles. The sensory nerves 
terminate in striated muscles chiefly by characteristic formations known under 
the name of muscle spindles or Weismann’s bundles. As is known, the muscle 
11—2 
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spindle consists of a small group of thin muscular fibres enclosed in a connective 
tissue capsule. Such a muscle spindle is in relation with one or more medullated 
nerve fibres. Having passed the membrane of the spindle, the nerve fibres 
divide repeatedly, then lose their medullary substance and their terminal 
branches immediately pass into contact with the muscle fibres of the spindle, 
their terminations on the fibres presenting very different forms and so being 
difficult to classify under any definite scheme. 

According to Polumordvinoff’s observations the most constant appear to 
be two forms: (a) the axis cylinders acquire the shape of a ribbon, which 
spirally embraces the muscle fibre of the spindle and (b) the axis cylinders stretch 
along the muscle fibre and on their way give off a great number of short sprouts, 
each of which ends in a wide leaf-like expansion. The terminal ramifications 
of the axis cylinder end in the same way as the side branches. This second form 
may present a considerable number of variations. 

Muscle spindles are not found in every muscle. There are evidently none 
in the muscles of facia] expression, nor in the muscles of the mouth, throat and 
some other regions. 

Independently of the nerve terminations in muscle bundles a certain number 
of sensory nerves are situated in the connective tissue layers of the muscle. 
According to KGlliker, these fibres terminate almost exclusively in the peri- 
mysium externum in the shape of long thin threads. Sometimes these latter 
pass into small plate-like expansions, from which run a small number of short 
moniliform threads (Polumordvinoff). 

The free terminations of nerve fibres were observed by Timofeieff in the 
substance of the cremaster muscle. Here they appear sometimes in the shape 
of long moniliform threads, ending in button-like expansions. In other cases 
it is possible to see that the nerve fibre, after losing its medullated substance, 
divides into short little branches, which finally take on the appearance of 
cogged plates. Such a terminal apparatus is very extensive, embracing five 
or more muscle fibres lying side by side. 

In addition to the above mentioned nerve terminations in striate muscle 
fibres of the amphibia, there are nerve terminations of a second kind very 
characteristic and exceptionally interesting. We find them displayed most 
plainly in snakes. They were first described by Tchiriev many years ago (in 
1879) (T'ropidonotus natriz) under the name of “terminaisons en grappes.” 

Tchiriev came to the conclusion that these terminations are only the young 
forms of the usual terminal or motor end-plates, that they are only found in 
undeveloped muscular fibres and that on attaining full maturity they become 
typical terminations of the motor nerve fibres. 

With such an interpretation the “terminaisons en grappes” could ‘not 
arouse any very great interest and were subject to very little serious examina- 
tion by succeeding investigators. However, a very important circumstance 
did rot escape some observers, including Tchiriev, namely that the “ter- 
minaisons en grappes” are associated with a non-medullated fibre, while the 
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motor termination is always associated with a medullated fibre which usually 
approaches the muscle fibre preserving its medullary sheath right up to the 
place of its termination, oronly losing it at quiteashort distance from the same. 

This substantial distinction of the “‘terminaisons en grappes” from the 
usually accepted motor terminations gradually diminishes, according to 
Tchiriev and others, when the young muscle fibres attain full maturity and 
the “terminaisons en grappes” become the usual forms of motor terminations. 

Those investigators who regard both forms of terminations as identical in 
substance fail to see any difference between them in other respects. Tchiriev 
and others definitely state, that both forms are identically related to the muscle 
fibre, in so far as both lie immediately under its sarcolemma (hypolemmal). 





Fig. 1. Twotkinds of motor plates: a—type I, b—type II. Python. 


In the same way Tchiriev and others affirm that the “‘terminaisons en 
grappes”’ are supplied with finely granular substance on which lies the ramifi- 
cation of the axis cylinder. However, they affirm this with a certain proviso, 
acknowledging, that this does not always happen and that cases exist when 
terminations of this kind are devoid of finely granular substance, i.e. lack a 
substantial part of the usual motor terminal apparatus. 

Tchiriev and his followers further hold that between the usual terminations 
of the motor nerve and the “terminaisons en grappes” there are transitional 
forms. Thus everything seems to point to the conclusion that in the muscles 
of Tropidonotus in spite of the apparent existence of two forms of nerve 
terminations, we are dealing only with one and the same form, the so-called 
“‘terminaisons en grappes” being merely an embryonic form of the first. 

Most investigators have accepted this interpretation. Nevertheless Bremer 
(1888) who published, for his time, an excellent work, rightly says that although 
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it is possible to meet forms of “terminaisons en grappes” which appear to be 
transitional forms to the usual motor plates, still the difference between them 
is so great that both forms should be recognised as terminations “sui generis.” 

These differences will be pointed out later in the description of my pre- 
parations. The investigators who accepted the “terminaisons en grappes” as 
an independent kind of nerve termination, ascribed to them different functions, 
Bremer regarding them as motor, Giacommi as sensory nerve endings. 

II. PERSONAL INVESTIGATIONS OF NERVE TERMINATIONS IN 

THE STRIATED MUSCLES OF PYTHON. 

Muscles of snakes served as material for my observations. I had at my 
disposal several kinds of snake, but I chiefly investigated the nerve terminations 
in the muscles of Python, utilising gold chloride according to Ranvier’s method. 

In the muscles of Python the nerves, approaching the muscle fibres, as in 
other animals, often divide before entering the muscle fibre, and then terminate 
in the so-called terminal plates. As Tchiriev’s observations, referred to above, 
showed, there are two types of terminal plates in the muscles of snakes: 
(a) motor end plates, and (b) the so-called grape-like plates or the “terminaisons 
en grappes” (fig. 1, Plate-figs. 7, 8 and 9). 

(a) The motor end plates, the structure of which is well known, present in 
the snakes the usual arrangement—the nerve-fibre passes towards the muscle 
substance through the sarcolemma, its axis cylinder loses its medullary sheath 
and divides into thin filaments, which end upon the finely granular lining 
(sole—according to German authors), supplied with nuclei (noyaux fonda- 
mentaux, Ranvier)—in short, it exhibits the same arrangement as in fish, 
lizards and mammalia. 

The ramifications of the axis cylinder, however, present here certain 
peculiarities, not really substantial, but not without interest. The axis cylinder 
of the terminal nerve fibre, as we said, passes through the sarcolemma and its 
ramifications spread over a small area which is usually of a round or oval shape. 
There is hardly any doubt, that these ramifications lie immediately under the 
sarcolemma, but of course partially, if not 
wholly, immersed in the granular substance. 

They have, as it appears, no relation 
whatever to the nuclei of this latter. 

The ramifications of the axis cylinder 
in the form of very thin filaments either 
branch dichotomously—which seems to 
characterise the majority of collateral 
branches, or they branch irregularly or 
both forms of division are mixed. 

But in all cases every filament finally 
terminates with characteristic enlarge- 
ments, (fig. 2) representing either the 
thickening of the axis cylinder, or the accumulation on its end of some 


Fig. 2. Motor plate (type I). a—axis 
cylinder, 6—collateral. Python. 
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substance possessing considerable reducing capacity. In gold chloride pre- 
parations, if the reduction was successful, these enlargements of the axis 
cylinders are black, whereas the axis cylinders in the majority of cases are 
stained reddish violet or dark violet. 

The motor end plate is also often approached by the collaterals of the 
nerve fibre belonging to it. They can participate in the structure of the motor 
plate, but sometimes turn aside from it and terminate in independent small 
motor plates, also under the sarcolemma. 

There are cases when the collateral of the nerve fibre forms its own little 
additional plate. I present several figures made from microphotographs which 
may make the reader better acquainted with the structure of this kind of 
nerve termination, than a lengthy description (figs. 3, 4). 

I think it necessary, however, to add, that besides the above described parts, 
i.e. the ramifications of the axis cylinder and the granular substance with its 
























Fig. 4. Motor plate (type I). a—axis ; 
cylinder, b—collateral. Python. i 






Fig. 3. Motor plate (type 1). a—axis 
cylinder, b—collateral. Python. 








nuclei, I could not observe any other system of fibres and think, that in snakes, 
they do not exist. ‘| 

However, I must make a reservation. The expressed opinion is the result i 
of my present observations, carried out with the aid of gold chloride. From 
this point of view they may appear to be somewhat onesided. I intend, how- 
ever, at some future time to subject them to the necessary control, especially 
by means of Bielschowsky’s method to which histologists attribute great . 
importance. 

I pass now to the description of plates of the 2nd type, “‘terminaisons en 
grappes”’ (fig. 5, Plate-figs. 7, 8 and 9). 

The plates of the 2nd type are the terminations of non-medullated fibres. 
These latter, as usual, form before their terminations, extensive plexuses and 
then separating themselves in the shape of more or less considerable bundles 
direct themselves towards the muscle fibres and finally end in their characteristic | 
terminations, whilst the medullated fibres always give one plate to each 
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muscle fibre. I, in common with other authors, must emphasise that the 
medullated and non-medullated fibres never terminate in the same muscle fibre. 
On the contrary a particular muscle fibre always receives either a medullated 
nerve with its plate of the Ist type or a non-medullated fibre with its plate of 
the 2nd type. 

All investigators unanimously agree, that the terminations of the 2nd type 
have not the granular substance which is so characteristic for terminations of 
the 1st type. Then again the position itself of the 2nd type of plate is somewhat 
different from that of the Ist type. 

If it be accepted that the plates of the 1st type lie under the sarcolemma 
(hypolemmally), this cannot be said about the plates of the 2nd type. On the 
contrary in the preparations, where the plate can be seen in profile it is readily 
seen that it lies outside the sarcolemma (epilemmally). If it is so, it will become 
clear why the plates of the 2nd type have no granular substance as this latter 
only represents an accumulation of the sarcoplasm of the muscle fibre and 
certainly lies inside the sarcolemma. 





Fig. 5. Plates of type II, large and small. Python. 


As to the shape of the plates of the 2nd type—it varies, but the elongated 
form predominates as we see in fig. 5 and Plate I, fig. 7. 

A non-medullated fibre, on approaching the muscle fibre sometimes divides 
dichotomously like the medullated fibre and gives apparently two plates to 
one fibre. It is often possible to see that near its termination the bundle of 
non-medullated fibres forms a plexus, from which are given off either separate 
fibres or oftener thin bundles of fibres, which end on the muscle fibres with 
their characteristic terminations, 

As we have said, the plate of the 2nd type often has an elongated shape. 
The nerve fibre or the bundle of fibres divides into its terminal filaments, which 
in their turn give out side sprouts and finally each terminal filament terminates 
with button-like enlargements, It is evident that the relations of the axis 
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cylinder also in these terminations are, in principle, the same as in plates of 
the Ist type. 

Ultra-terminal fibres. Under this name are understood certain non- 
medullated nerve: fibres, which sprout from the terminal ramifications of the 
axis cylinder of a motor plate, abandon the given muscle fibre and terminate 
in another neighbouring muscle fibre forming in it either a fully developed 
motor plate or a termination of a rudimentary form (Ruffini, Perroncito). 

In other cases the terminal nerve filament does not stop in the second plate, 
but comes out of it again and then runs in the shape of a smooth thin fibre for 
a great distance, but the place and method of its termination have not yet 
been successfully defined. 

The observations of Ruffini have obtained confirmation only in part. It 
was Perroncito who pointed out that the fibres, observed by Ruffini, might 
be seen without difficulty in the muscles of all animals. But Perroncito has 
also stated perfectly correctly that in the majority of cases these fibres appear 
to be only collaterals of motor fibres, terminating in the given muscular fibre. 
As was pointed out above and as is sufficiently correctly established at the 
present time, the motor nerve fibre on approaching the muscle fibre often, 
divides two or three times, then loses its medullary sheath and already in the 
form of one or several non-medullated filaments enters the muscular fibre and 
terminates immediately under the sarcolemma in the so-called terminal plates 
or bunches according to the animal examined. Perroncito points out that 
Ruffini’s fibres in the form of non-medullated moniliform filaments may sprout 
from the axis cylinders of motor fibres as their collaterals and either enter into 
the same muscle fibre, or may be, into a neighbouring fibre in which they 
terminate, forming in some cases small rudimentary terminal plates. Usually, 
they only terminate in button-like expansions. 

Perroncito does not deny the possibility of Ruffini’s case, i.e. he allows that 
the first filament may sprout not only from the axis cylinder of a motor fibre, 
but also from the axis cylinder ramification already in the motor plate itself. 

Ruffini’s statement, however, that his ultraterminal fibres pass through 
secondary plates and continue further, is not confirmed by Perroncito. The 
majority of investigators evidently accept Perroncito’s conclusions (Crevatin, 
Fusari, Sommariva, Tello, Boeke and others). 

With reference to my personal observations and my personal opinion about 
the ultraterminal fibre, or fibre of Ruffini, I consider correct the already firmly 
established opinion expressed for the first time by Perroncito, that the ultra- 
terminal fibres, in the majority of cases are collaterals of the motor nerve axis » 
cylinder. 

However, I must make an addition as my observations somewhat differ 
from those of Perroncito and others. 

According to my observations, the collateral sprouting from the axis 
cylinder before its entry into the muscle fibre, may in rare cases direct itself 
towards one of the neighbouring fibres, but in the majority of cases the collateral 
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accompanies its nerve fibre, enters the same muscle fibre and after passing 
through the sarcolemma either takes part in the construction of the terminal 
apparatus or turning somewhat aside, terminates independently, sometimes 
in the form of a small—as it were—additional plate. 

As a result of my observations, I affirm that the collaterals, having once 
penetrated into the muscle fibre, never leave it and never come out of its limits. 
All the more I fail to agree with the observations of Ruffini and Perroncito 
that ultraterminal fibres may sprout from the axis cylinder ramifications 
already in the terminal plate itself and that they afterwards pass in the form 
of a non-medullated fibril into another muscle fibre. In my opinion the correct 
relations are described and represented by Perroncito in fig. 6 of his 1902 work. 
Figs. 2 and 4 of his work of 1901 may be very near reality, but allow of a 
different interpretation, i.e. they may represent collaterals of an axis cylinder 
which had not yet penetrated into the muscle fibre. 

With comparatively small magnification, on examining the terminal plates 
from above or from below, it is exceedingly difficult to establish the place of 
departure of the thin filament and it is very easy even for an experienced 
observer to be deceived. 

To illustrate my conception I present a microphotograph of one of my pre- 
parations. The drawing represents at “a” a nerve fibre terminating in a 
motor plate; the medullated nerve fibre, entering the terminal plate gives off 
one dichotomously dividing collateral, which together with its nerve fibre 
approaches the terminal plate and apparently participates in its structure 
(fig. 1). 

The photograph also shows quite clearly that on the opposite side there 
branches off from the terminal plate a thin moniliform filament, terminating 
with small ramifications. This is, it appears, one of the cases in which the plate 
evidently gives off the so-called ultraterminal fibre. However, a detailed and 
careful study of these relations established beyond doubt that this interpre- 
tation is erroneous, and that in this case the so-called ultraterminal fibre does 
not branch off from the ramifications of the axis cylinder of the motor nerve 
fibre, but appears to be in reality only a collateral, which does not even pass 
through the plate, but passes over it, in close contact with its granular foun- 
dation. 

And in all cases, when I had to investigate such areas in my preparations, 
when the branching off from the plate seemed almost beyond doubt, I could 
establish without fail, that these ultraterminal fibres represent continuations 
of the collaterals of the motor nerve fibre. It is interesting that the authors 
(Perroncito, Boeke) who formerly confirmed the existence of ultraterminal 


. fibres as normal, at the present time consider them as only rare exceptions. 


I have observed no other fibres entering into connection with the motor nerve 
terminations in the muscles of snakes. 

I must remark, however, that in one respect the observations of Ruffini 
are absolutely correct and in my opinion exceptionally interesting. Ruffini 
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observed a whole series of thin non-medullated nerve fibres, stretching for a 
long distance and presenting no moniliform enlargements. The place and 
method of termination of these filaments Ruffini unfortunately could not state. 
These fibres in very large numbers may easily be seen in the muscles,of snakes. 

I could demonstrate them on almost every one of my preparations but 
these fibres have another source and as we shall see presently, cannot be 
ascribed to the ultraterminal fibres, 

It seems to me that these fibres should be attributed to those non-medullated 
nerve filaments, which were described long ago for the first time by Reichert 
and K6lliker and afterwards by Odenius, Sachs, Tchiriew and others. 


J 
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Fig. 6. Nerve fibres in the intramuscular connective tissue. Python. 
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Not one of these authors gives any precise indication concerning these 
fibres, and not one establishes either their origin or termination. As we have 
just pointed out, Ruffini too, who has evidently observed these fibres, did not 
attribute to them the significance which they have in reality. I shall try to 
elucidate this question as much as I can with my own observations. In my 
preparations I could observe a large number of non-medullated fibres. They 
can run together with the medullated fibres, forming mixed nerve bundles but 
often join into independent bundles of non-medullated fibres. 

In my Plate-figs. 7, 8, and 9 it is not difficult to see howfrom the mixed nerve 
stem, a side branch comes off composed of one medullated fibre and a bunch of 
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non-medullated fibres. The medullated fibre terminates in the usual motor 
plate and the bundle of non-medullated fibres divides into two parts, of which 
one ends in a terminal plate of the 2nd type and the other continues between 
the muscle fibres in the interstitial connective tissue. 

If we follow this fibre, as far as possible, we are easily convinced that it 
divides into separate non-moniliform filaments which ramify or give out side 
branches and then terminate in the connective tissue with free terminations 
(fig. 6). These terminations may be easily observed by their appearance— 
they always acquire a characteristic appearance of short branching moniliform 
filaments. 

To conclude the description of these non-medullated fibres, I must touch 
upon the question of whether these fibres are connected with the nerves of 
the blood vessels, the plexus of which, sometimes very extensive, we observe 
in the same layers of the interstitial connective tissue. Perroncito, at least, 
affirms this and just because of this ascribes the non-medullated fibres to the 
sympathetic system. 

May be this is so, although personally I cannot say this. with sufficient 
certainty. In examining my preparations I tried to solve this very essential 
question, but I never succeeded in establishing an indisputable relation between 
these nerve fibres and the nerves of the blood vessels. 

Without denying the possibility of such a relation, I still regard it as 


doubtful. 
MUSCLE SPINDLES IN SNAKES 


These interesting and as yet enigmatic formations are constructed in 
principle in the same way in snakes as in other vertebrates. 

According to the established opinion, each muscle spindle is unifascicular, 
i.e. is provided with only one fine muscle fibre. In muscles of snakes, as well 
as in other animals, two kinds of spindles are found, of which one presents a 
simple structure and the other a more complicated one. 

The first kind is called “small muscle spindle” (fuseau 4 terminaison cir- 
conscrite, according to French authors), and the second “large muscle spindle” 
(fuseau a terminaison etendue—Frenchauthors). The majority of authors accept 
the somewhat astonishing peculiarity of the simple muscle spindles—namely, 
that the muscle fibre—along the extension of the spindle-like enlargements, in 
the place where the nerve-fibres enter the spindle—loses its cross striation, 
which in this place is replaced by the granular protoplasm (sarcoplasma). 

The muscle fibres of complicated spindies preserve their usual] structure 
and their cross-striation. 

To these established opinions, I must add a correction in two respects. 
According to my observations the muscle spindles in snakes are not always 
unifascicular. Among them are found some that contain two fine muscle fibres 
(Plate IV, fig. 10) but no more. At least I have not met any spindles with more 
than two muscle fibres. As to the disappearance of cross-striation in muscle 
fibres of simple muscle spindles, it seems to me that here there is only a mis- 
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understanding. I have investigated this question carefully and have come to 
the conclusion that the muscle fibre of every spindle, the simple as well as the 
compound, on passing through the point of entry of the nerve, does not undergo 
any serious change in its structure and in all cases preserves its cross- 
striation (Plate IV, fig. 11). It is true that at the nerve ending there may 
accumulate, as in other cases, a large quantity of sarcoplasma and a large 
number of nuclei, but nothing more. Neither the thickness of the muscle 
fibre, nor its structure changes, according to my observations. 

From the time of Ramon y Cajal and Kerschner’s investigations (1888) the 
opinion has become established that the muscle fibre is supplied by both motor 
and sensory fibres. The investigations of the above mentioned authors were 
confirmed and completed by many further investigators (Sihler, Cippolone, Per- 
roncito). Only Giacomini (1898) kept to a different opinion. He supposed that 
only sensory fibres supply the muscle spindle. Leaving aside for the time being 
the question of the physiological nature of the nerve fibres, related to the muscle 
spindles, I shall try to describe them in snakes according to my own observations, 

Usually, one thick medullated fibre approaches the enlarged part of the 
muscle spindle. Before reaching this it may divide into two or three branches, 
all of which in this case enter the muscle spindle. There, where the nerve fibres 
or its branches enter the spindle, Henle’s membrane becomes continuous with 
the capsule of the spindle and the fibre, or its branches reach the muscle fibre, 
place themselves parallel to its length and for some distance accompany it, 
preserving their medullated membrane. 

Afterwards they lose the latter and continue as non-medullated nerve fibres 
to the place of their termination. Along this course they become moniliform, 
displaying sometimes more or less considerable expansions; sometimes they 
become ribbon-like and with spiral rings, they embrace the muscle fibre. They 
give off a considerable number of fine collaterals and together with these they 
form a bunch of thin ramifications which finally terminate in all probability 
on the surface of the muscle fibre, without penetrating into its depth. The 
described relations are so variable in every individual case, especially in the 
so-called large muscle spindles, that it is difficult to give an exact description. 

One circumstance, however, may be stated with positiveness, that these 
fibres are always medullated and always terminate in the enlarged part of 
the spindle, inside its capsule. These fibres undoubtedly belong to the cerebro- 
spinal nervous system and by all authors, with very few exceptions (Bremer), 
they are accepted for sensory fibres. 

However, besides the above described fibres, the muscle spindle is always 
supplied with a certain number of non-medullated fibres. These fibres ter- 
minate in characteristic plates, ‘“‘terminaisons en grappes,” which were de- 
scribed in detail above. It is remarkable, that every muscle fibre of a spindle \ 
is supplied with several plates (five to seven, perhaps more), as has been 
established by many investigators (Giacomini, Cipollone). Also all investi- 
gators point out that the non-medullated nerve fibres always terminate with 








166 ON. Rulehitsky 


their plates outside the encapsulated part of the muscle fibre. In this respect my 
observations are in contradiction with the generally accepted opinion. As Plate- 
figs. 10 and 11 show, the medullated nerve fibres on leaving the mixed nerve 
stem, direct themselves along the muscle spindle in the form of a more or less 
considerable bunch of fibres. On the way the non-medullated fibres penetrate 
into the encapsulated part of the muscle spindle and terminate there. I could 
not establish with positiveness the method of their termination, but I think 
these terminations do not differ essentially from the terminations lying outside 
the encapsulated part of the spindle. In other words, I hold that the non- 
medullated fibres terminate on the surface of the muscle fibre with ramifications 
of nerve threads, in the shape of plates “en grappes.”’ In my drawing, it can 
be clearly seen that the non-medullated nerve fibres that approach the muscle 
spindle, do not all penetrate into the encapsulated part of the spindle. Some 
of them pass to the non-encapsulated part of muscle fibre outside the spindle 
(whereas the terminal nerve threads usually divide dichotomously), and always 
terminate in the same way with the plates “en grappes.” Of course, these 
terminations have no granular lining. The majority of investigators regard 
these fibres as motor, evidently as a result of the works of Kerschner, Cipollone ~ 
and Perroncito, who unanimously declared that the non-medullated nerve 
fibres forming the terminations “‘en grappes,”’ appear to be only collaterals of 
the ordinary motor fibres, terminating in motor plates. 

I cannot attribute, however, any finality to these observations, without 

further evidence. So far as my own observations go I have never seen the 
collateral of a motor fibre giving a termination in the form of a “‘terminaison 
en grappe” and it seems to me, that the categorical declaration of Perroncito 
in this sense (for lizards) has no sound foundation. 
Nevertheless, I for my part accept the view that the described non- 
Hi medullated nerve fibres with their characteristic terminations ‘‘en grappes” 
th belong to the motor sphere. I also think it quite possible that these non- 
medullated fibres are motor fibres belonging to the sympathetic system. 
Although there are as yet no sufficiently precise data at my disposal to enable 
me to affirm this with positiveness, I have some evidence which I hope to 
set forth on a future occasion. So far I can only express my opinion in the 
form of a supposition. 

I conclude this article with the description of nerve cells which I have 
observed along the course of the peripheral nerves in the muscles of the 
HB | abdominal wall in Python. They are found here in the shape of more or less 
| | considerable accumulations (ganglia) or spread about in groups of two or three 
1) cells or even singly. They are all, however, of one type—the so-called unipolar 
cells. In the cells of this type, one thick process leaves the body of the cell, and 
i | after a short course divides into two branches—one running centrally, the 
other peripherally. These cells are bound up with the small nerve stems, 
usually of a mixed composition of medullated and non-medullated fibres. 

It is difficult to say with positiveness whether medullated or non-medullated 
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fibres are connected with these ganglion cells. I think, however, that they are 
connected with non-medullated fibres since in one of my preparations I suc- 
ceeded in finding a nerve cell of this unipolar character actually in the nerve 
termination itself—in the end plate of the ‘“‘second type” (fig. 12). All 
investigators are agreed that the non-medullated nerve fibres terminate in the 
plates of the “second type,” and therefore in this case it is necessary to accept 
the conclusion that the nerve cells in question are connected with the non- 
medullated nerve fibres, 

Besides, I have never observed any ganglion cells along the nerve bundles 
formed only of medullated fibres. I think it necessary to remark that 
nerve cells, in the form of more or less considerable ganglia or isolated, are 
found in the peripheral nervous system in very many places, in the plexuses 
of the intestinal canal, in the tongue, the salivary glands, pancreas, uterus, etc., 





Fig. 12. Nerve cell situated in nerve termination (type II). Python. 


but in the nerves of muscles they have very seldom been described. I think 
they were accurately described for the first time in the m. lingualis of the frog 
by Bremer (1883). 

SUMMARY 

1. In the muscles of snakes there are two forms of nerve terminations—of 
the Ist and 2nd type. Both kinds belong to motor nerve fibres. The difference 
between them, however, is so great, that involuntarily one is forced to think 
of the double innervation of these muscles from the side of the cerebrospinal 
nervous system (medullated fibres) and the sympathetic system (non-medul- 
lated fibres). 

2. In the muscles of snakes, nerve bundles of mixed character are fourid 
and they are composed of three kinds of fibres: (a) medullated nerve fibres, 
terminating in muscle fibres, in the usual motor end plates (type I), (b) non- 
medullated nerve fibres, also terminating in motor plates in muscle fibres 
(type II), and (c) non-medullated nerve fibres terminating in the intramuscular 
connective tissue with free terminations. 

3. The position of the motor end plates (type I) is quite definite; they lie 
under the sarcolemma (hypolemmally). The position of the plates of type II 
is as yet doubtful. There is reason to believe that they lie on the surface of 
the muscle fibre not under the sarcolemma, but outside it (epilemmally). 
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4, Muscle spindles in the muscle of snakes are of two kinds, small (fuseau 
a terminaison circonscrite) and large (fuseau 4 terminaison etendue, according 
to French authors). They represent the sensory organs of muscles in snakes. 
They are also always supplied by medullated fibres as well as by non- 
medullated. 

The medullated fibres always enter the encapsulated part of the muscle 
spindle, and the fibre preserves its medullated sheath, independently of 
whether it enters singly (small spindles) or by ramifications (large spindles). 
The nerve fibres of this kind are sensory. 

At some distance from the place of their termination, they lose their 
medullated sheath and terminate with their terminal ramifications on the 
surface of the muscle fibre, which they sometimes accompany a considerable 
distance, but always within the limits of the encapsulated spindle. 

The non-medullated nerve fibres enter the encapsulated part of the spindle 
in thin bundles, as a rule separately from the medullated fibres. They also 
terminate on the surface of the muscle fibre of the spindle and I hold that 
these terminations are similar to those on the non-encapsulated part of the 
fibre, these latter appearing as typical plates of the 2nd type. 

These non-medullated fibres are motor. It is probable that they do not 
belong to the cerebro-spinal nervous system but to the sympathetic. 

5. I have not observed in the muscle of snakes the ultraterminal fibres of 
Ruffini and Perroncito. As to the collaterals, described by Perroncito, their 
existence is undoubted. However, according to my observations, they enter 
together with their principal fibre into the same muscle fibre and can participate 
in the formation of an ordinary terminal plate, or in other cases, can terminate 
in an independent, so called, additional plate with the same structure as the 
main plate. 

6. In the course of the nerves supplying the abdominal muscles, groups of 
nerve cells are observed, which form sometimes more or less considerable 
ganglia, or they may be found singly along the whole extent of the nerve bundle, 
in rare cases even in immediate proximity to the nerve termination. These cells 
are unipolar and the single process leaving the body of the cell divides after 
a very short course into two branches, central and peripheral. Both branches 
seem to be non-medullated. 
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Double innervation of striate muscle. Python. 
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A NOTE ON THE. POST-NATAL GROWTH OF THE 
KIDNEY, THYROID GLAND AND LIVER 


By R. J. GLADSTONE, M.D., F.R.C.S. 
University of London, King’s College. 


Ar a previous meeting of the Anatomical Society in 1915, I showed a specimen 
of ‘‘Single Kidney,” which as a result of congenital absence of the opposite 
kidney, had undergone a compensatory enlargement to approximately double 
the size and weight of the normal organ. I was much impressed at the time by 
. the circumstance that this enlargement was due to an increase in the size of 
the constituent parts or units rather than to an increase in their number. Thus 
the size of the pyramids in the hypertrophied kidney was double that of the 
pyramids in the normal kidney; while their number corresponded to the average 
number found in the normal kidney although the latter is only half the size 
of the “‘single” kidney. Further on microscopical examination the Malpighian 
corpuscles and tubules of the hypertrophied kidney were seen to be much 
larger than those of the normal control kidneys (fig. 1). Moreover the total 
number of glomeruli in the enlarged single kidney was found to be approxi- 
mately the same as that present in the normal kidney. This was estimated by 
counting the number of glomeruli which were included in 16 squares of equal 
size, ruled on a glass disc, fitted into the eye piece of the microscope; taking 
the average of a series of such counts, and comparing this with the average of 
an equal number of observations in normal control kidneys. It was found that 
the number of corpuscles in a given number of squares in the single kidney 
was approximately half that in an equal number of squares in a normal kidney. 
In other words in any given field of the microscope, the number of glomeruli 
seen in a typical part of the cortex of the hypertrophied kidney was approxi- 
mately half that of a corresponding part of the cortex of a normal adult kidney. 
It may be assumed therefore that since the hypertrophied single kidney is 
double the size of the normal kidney, the total number of Malpighian corpuscles 
in it will approximately correspond with the total number in the normal 
kidney, and that the enlargement is a true hypertrophy, rather than a hyper- 
plasia. 

Now if sections of a normal adult kidney are compared with sections of the 
foetal kidney at birth, a striking difference is seen in the size of the glomeruli 
and tubules and of the number of glomeruli which appear in the field of the 
microscope. The glomeruli and tubules of the foetal kidney are much smaller 
and in any given field of the microscope they are very much more numerous. 
The proportion as estimated by counting the number in a series of squares, 
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Fig. 1. Camera lucida drawings of sections of A, an hypertrophied “single kidney,” B, a normal 
adult kidney, C, a foetal kidney at birth. The drawings were made at the same magnification 
(150 diameters) and show the large size of the glomerulus and tubules of the single kidney as 
compared with the adult normal kidney; and the large number of small glomeruli and tubules 

appearing in the field in the foetal kidney as compared with the adult organ. 
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I found to be 100 in the foetal kidney to 6-6 in the adult organ; or expressed 
in a different way: in a given area of the whole width of the cortex of the foetal 
kidney, there would be approximately 15 times as many glomeruli as in a 
corresponding area of the adult organ viewed under the same magnification. 

Now the average weight of the normal adult kidney, as stated by H. Vier- 
ordt, Daten u. Tabellen fiir Mediziner, is 152 grammes, and of the new-born 
child 10-5 grammes; or, in other words, the adult kidney is approximately 
14-4 times the weight of the kidney at birth. The figures suggest that the 
number of glomeruli present in the kidney of a new-born child is approximately 
the same as in the adult. The glomeruli of the foetal kidney, however, vary 











Fig. 2. Camera lucida drawing showing the relative size of the muscle fibres and their nuclei 
in the uterus of A, a child aged 6} years, and B, the uterus of a woman at the end of pregnancy. 
The magnification in each case was 850 diameters. 


considerably in size and appearance in different zones, thus they are small 
and flattened near the surface, larger and more spherical in the deeper parts 
of the cortex. The peripheral glomeruli are obviously in process of formation 
and are incompletely developed. According to Kiiltz it is not until the close 
of the second year that the peripheral glomeruli have reached the size of the 
central, when the average size of the peripheral glomeruli is 157. and of the 
central 158. They afterwards increase equally in size, and nearly attain their 
full diameter at puberty. 

The question of whether the enlargement of a single kidney associated with 
congenital absence of the other kidney is due to proliferation of the units 
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(hyperplasia) or enlargement (hypertrophy) has been investigated by Boycott, 
Galeotti and Santa, Eckardt and F. C. Moore. 

In Boycott’s case which occurred in a rabbit, he found by direct enumera- 
tion of the glomeruli, in serial sections cut from a block of the single kidney, 
and corresponding in weight to similar blocks cut from two normal control 
kidneys, that the enlarged single kidney would according to this means of 
estimation, have had only the same number of glomeruli as were contained in 
a normal kidney half its size. Thus the enlargement of the single kidney in 
his case, as in mine, was an example of hypertrophy and not hyperplasia. The 
glomeruli and tubules were also carefully measured by Boycott and found to 
be considerably larger than in the normal; the average diameter of the 
glomeruli of the single kidney in the rabbit, being 40u and of the controls 
33-8. The relative volumes being, of the single kidney 33, of the controls 19; 
the increase in volume of the glomeruli in the single kidney thus being 1-7 
times that of the controls. Somewhat divergent results were obtained by 
Galeotti and Santa working with rabbits in which a unilateral nephrectomy 
had been performed; and by Eckardt and Moore who recorded observations 
on congenital cases. These have been reviewed and criticised by Boycott in 
the article alluded to above. In a case of multiple anomalies occurring in a 
foetus described by H. A. Harris, in which there was agenesis of one kidney, 
the remaining kidney was found by him to be normal in size and position. 
This case will be alluded to later, in discussing the influence of function in 
producing hypertrophy of organs. 

Several factors appear to be concerned in producing the divergent results 
which have been obtained by different observers, as regards the size and 
number of the glomeruli in an enlarged single kidney, and in the normal adult 
kidney respectively. 

The diameters of the glomeruli as seen in sections, obviously vary con- 
siderably according to the plane at which the glomerulus is cut. Moreover, as 
the glomeruli are often flattened it is necessary to take the mean of two principal 
diameters at right angles to each other. Further in the foetal kidney and in 
the infant, as has been stated above, the glomeruli near the surface of the cortex 
are flatter and smaller than those nearer the medulla. Moreover, apart from 
pathological changes occurring as the result of a condition such as chronic 
interstitial nephritis, there appears to be a considerable range of variation in 
the normal kidney as regards the size of the glomeruli and the amount of space 
occupied by the tubules and the supporting connective tissue between the 
glomeruli. The estimated average diameter of the glomeruli in the adult 
kidney as computed by different authors varies from 167 to 237. This 
difference may be explained in part by different methods of fixation of the 
tissues, some fixatives causing a greater degree of contraction than others, 
e.g. strong solutions of formalin, alcohol or the mineral acids, but it is probable 
that there is also a considerable range of variation in the normal kidney. Apart 
from these considerations the diversity of results which have been obtained 
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by different authors with regard to enlargement of a single kidney being due 
to hypertrophy, or to hyperplasia, or to both these factors, may be due in part 
to the fact that a single kidney is often affected by nephritis, which if of long 
standing, and of the chronic interstitial type, may result in a considerable 
shrinkage of the supporting connective tissue, bringing the glomeruli and 
tubules nearer together and by compression diminishing their size. Further, 
a small increase in the diameter of spherical structures means a large increase 


























Fig. 3. Camera lucida drawings showing the relative size of the lobules, and cells of the adult 
human liver, as compared with the foetus at birth. The upper sections of the figure represent 
the lobules in outline as seen under a low power, the constituent cells not having been repre- 
sented. The lower sections show the hepatic cells under a high power of magnification. The 
drawings on the left side of the figure are of a normal adult organ, and on the right side of a 
foetal kidney at birth. 


in their volume, and if the diameter of the glomeruli only is observed, the 
volumetric increase is perhaps not fully appreciated. 

The important part which enlargement of the units, viz. secreting cells, 
tubules, glomeruli and pyramids, takes in the growth of the kidney, led me 
to enquire whether this enlargement takes place to any extent in the growth 
of other organs of the body. We are all familiar with the enormous increase 
in size which takes place in the growth of the ova and in the ganglion cells of 
the central nervous system, and of the posterior root ganglia; and a consider- 
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able part of the enlargement of the ovary, and the ganglia on the posterior 
roots of the spinal nerves must be due to this cause. 

In discussing the growth of striated muscle fibres Schafer states that ‘“‘the 
muscular fibres, after having acquired their characteristic form and structure 
continue to increase in size until the time of birth, and thenceforward up to 
adult age. In a full grown foetus most of them measure twice and some of 
them three or four times their size at the middle of foetal life, and in the adult 
they are about five times as large as at birth. 

Further the enlargement of the uterus during pregnancy is a familiar 
instance of an increase in bulk of a tissue accompanied by increase in the size 
of the constituent elements. Selheim represents the increase in length of the 
plain muscle fibres of the pregnant uterus at term as being approximately 
seven times that of the cell-body of the muscle fibre in the non-pregnant 
condition, and the length of the nucleus as approximately four times that of 
the non-pregnant condition. In fig. 2, A represents the muscular wall of the 
uterus, from a child 6} years old, and B that of a pregnant uterus at the end 
of term, the nuclei of the latter are 4-3 times the length of the muscle nuclei 
in the child. This may be regarded as a physiological hypertrophy and is 
very similar to the hypertrophy of a muscle due to increased use of the muscle, 
and the pathological hypertrophy of muscle in cardiac obstruction, or hyper- 
trophy of the urinary bladder due to stricture of the urethra, or enlargement 
of the prostate. It is probable that all are accompanied by increased vascular 
supply and nutrition. The enlargement of the cock’s spur in Hunter’s ex- 
periment of grafting the spur into the comb, is another example of hypertrophy 
due to increased vascular supply. 

The hypertrophy of muscle resulting from increased strain or use, suggests 
that the enlargement of a gland may be correlated with an increase of function. 
The kidney, with the increased function of the organ which takes place at birth 
and of the mammary gland, preparatory to lactation may be cited as examples. 
I therefore examined other glands such as the liver and thyroid to ascertain 
what changes could be observed in the unit structures in the adult as compared 
with the same structures at birth. In the normal human liver, fig. 3, drawn 
from a specimen kindly prepared for me by Dr da Fano, it will be observed that 
there is a slight increase in the size of the lobules in the adult as compared with 
the foetal, but it is difficult to obtain exact measurements owing to the in- 
complete demarcation of the lobules in the human foetal liver. On examining 
the hepatic cells, the adult cells are seen to be more elongated, more flattened 
by compression, and to have a more coarsely granular cytoplasm, than the 
foetal, but their size is approximately the same as in the foetus, and the nuclei 
considerably smaller, their average diameter being about 6u as compared 
with 8, the average diameter of the nucleus of the foetal hepatic cells. The 
cell-bodies of the latter are more rounded and their cytoplasm more finely 
granular than the adult. It is obvious that in the growth of the liver there 
must be a great increase in the number of the lobules and of the hepatic cells. 






























176 R. J. Gladstone 


In the post-natal growth of the thyroid gland (fig. 4) there is a marked 
increase in the size of the follicles, accompanied by proliferation of the epi- 
thelial cells lining their walls, and in the formation of colloid. The secretory 
cells as in the liver are more elongated than in the foetus, and their nuclei 
smaller. They vary considerably in size, whereas the rounded foetal cells are 
much more uniform in size. The number of cells lining the adult follicles is 
much greater than that in the foetus; growth must therefore be accompanied 
by a considerable amount of proliferation of the secretory cells. 





























Fig. 4. Camera lucida drawings of the normal adult and foetal thyroid gland. The upper sections, 
drawn under a low power magnification, show the large size of the vesicles in the adult organ, 
as compared with those of the infant at birth. The lower sections, drawn under a higher power 
of magnification, show the relative size and shape of the individual cells lining the follicles. 
The drawings of the adult organ are on the left side of the figure, those of the foetus at birth 
on the right. 


Other organs such as the supra renal bodies and thymus gland have been 
examined, but as in the normal life history of these glands the replacement 
of the original cells is very great, any observations on the relative size of the 
constituent parts is of little value from the standpoint of this enquiry. 

In summarising the growth changes which take place in the kidney, it is 
obvious that a large part of this growth is due to enlargement of the unit 
structures such as the tubules, glomeruli, and pyramids, and that the enlarge- 
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ment of the single kidney in cases of absence of the other is largely due to a 
true compensatory hypertrophy. 

An interesting case was recently reported by Mr H. A. Harris, in which a 
single kidney was found in a foetus presenting a combination of rare anomalies. 
He states that the single kidney was normal in size. If the marked enlarge- 
ment of the glomeruli and tubules which takes place in infancy is associated 
with the increase in function which takes place after birth, this absence of 
compensatory enlargement of the organ in a foetus prematurely born at the 
27th week, is readily explained on the assumption that the full physiological 
action of the kidney had not yet been developed. 
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CASE OF ABNORMAL DUODENUM 


By W. W. WAGSTAFFE, O.B.E., F.R.C.S. 
Demonstrator of Anatomy, University of Oxford. 


















Tue abnormality here recorded was observed in the dissecting room, Oxford 
University in January, 1923, in a man aged about 56 years, who had died of 
no trouble in connection with his alimentary tract. The condition is reported 
as being of some interest from the developmental point of view, and also 
because of its rarity. 
DESCRIPTION 

lst part. Normal. 

2nd part. Vertical in position and containing openings of bile duct and 
pancreatic duct separate but situated about the normal level. 

The relations and arrangements are normal except for its posterior relation. 
At its lower extremity it turns abruptly and directly backwards and passed into 
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8rd part. 
(a) Vertical limb runs up parallel with and behind 2nd part and is approxi- 
mately of the same length. It is in close relation with the liver and neck of 
gall-bladder. After a course of approximately 3 ins. it turns sharply to the 
left passing into 
(b) Transverse portion (vide diagram). This runs transversely and some- 
what downwards to reach the duodeno-jejunal junction which is situated in 
about the normal position on the left side of the body of the 2nd lumbar vertebra. 
Common 


Bile 
Duct 





Pylorus 
Renal Artery L. 


Superior 
Mesenteric A 
~~ Duodeno-jeyunal 
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Renal ArteryR. 
Fig. 2 


In its course this part of the duodenum passes behind the neck of the pancreas 
and under the superior mesenteric vein and artery. The common bile duct also 
lies in front of this portion. It lies directly in front of the left renal vein crossing 
that vessel and the aorta, 

Between the upper end of the 2nd part on its right and posterior aspect 
and the upper end of the vertical limb of the 3rd part on its right and anterior 
aspect there stretches a firm band approximately }in. long, }in. wide, and 7g in. 


thick. 
REMARKS 


The condition is a developmental one and is apparently due to rotation of 
the duodenum loop through a complete half-circle in the clockwise direction. 
The cause of this is not obvious and it is a question what part if any the band 
of adhesions noted between the 2nd part and the vertical loop of the 3rd part 
has played in the production of this condition. Possibly the band is a purely 
secondary condition. 

The condition has been described by S. V. Telfer(1) and by J. H. Ander- 
son(2), I can find no other reference to the condition. 

I am indebted to Professor Thomson for permission to publish this note 
and for his whole-hearted assistance especially in the preparation of the 
figures. 
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REVIEW 






X-Rays :—Their Origin, Dosage and Practical Application. By W. E. Scuatt, 
B.Se. (Lond.), F.Inst.P. (John Wright & Sons, Ltd., Bristol.) 5s. 


This book is the successor to Electro Medical Instruments and their Manage- 
ment, which was published in 1892. Like its predecessor it serves a double 
purpose. It provides the student of Radiology with a lucid elementary text- 
book, and the well-known firm of Schall and Son, London, with an excellent 
advertisement. As such it is issued free to medical practitioners and others 
interested in X-ray work. 

The first section deals with the origin of X-rays and their properties, 
electrical apparatus, X-ray tubes, and the measurement of X-rays, with 
special reference to dosage for therapeutic purposes. It contains much useful 
information, especially that part dealing with electrical apparatus. 

In the second section, which deals with the practical application of X-rays 
for diagnostic and therapeutic purposes, the author presents a concise account 
of modern methods gleaned from the writings of many radiologists and 
physicists. 

One feels in reading this section that the author, by lack of medical 
experience is treading on dangerous ground and that he feels so himself is 
evident by his explicitly disclaiming “all legal responsibility” in connection 
with tables for dosage “if it should be found that any error is contained in 
them.” 

It is a book which, within its limitations, will be of use to medical students 
and radiologists. 
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THE ANTERIOR END OF THE NEURAL TUBE 
AND THE ANTERIOR END OF THE BODY 


By RAYMOND A. DART, M.Sc., M.B., Cu.M. 


Professor of Anatomy, U niversity of the Witwatersrand, Johannesburg, Late Senior 
Demonstrator of Anatomy, University College, University of London. 


‘Remove not the ancient landmark which thy fathers have set.” Proverbs xxii. 28. 


In July 1922 I advanced certain criteria which I considered to be of the utmost 
importance in the classification of musculature. It was necessary, in order to 
bring the facts of the present contribution into their proper perspective, to 
show in that article that the use of the term “ visceral,” as applied to any portion 
of the segmented mesodermal musculature, was entirely misleading. By an 
historical examination of the introduction of the term “visceral” into osteo- 
logical, myological and finally into neurological literature, I showed the vio- 
lence done to'the original meaning of the term in each new acceptance. I ex- 
amined the musculature de novo from phylogenetic, embryological, histological 
and physiological points of view and suggested that all musculature be grouped 
under the two headings “‘dermal”’ and “mesodermal” as shown in the following 


table. 
A 


DERMAL — unsegmented 
(unstriped) \ENDODERMAL 
see 


DORSAL (extensor) 

\msopErMaL—segmented 4 
(striped) VENTRAL (flexor) 

It was shown further that the so-called “visceral” musculature of the 
head region (eye musculature, jaw musculature, etc.) was comparable in all 
points with trunk musculature of the somatic (mesodermal) type. The present 
communication is designed to examine the embryonic history of the segmented 
mesoderm and then to show what light this embryonic history throws upon 
the two questions raised in the title of this paper. 


THE ORIGIN OF THE SEGMENTED MESODERM. 


In 1894 Lwoff put forward two conceptions concerning the origin of the 
segmented mesoderm at that time regarded as extremely unorthodox, which 
are given in his own words in the following statement: 

Das Hauptergebniss dieser Untersuchung ist, dass die Einstiilpung bei 
Amphioxus keineswegs als einfache Gastrulation zu betrachten ist, als es 
bisher angenommen. Es sind vielmehr hier zwei verschiedene Processe zu 
unterscheiden: erstens die Einstiilpung der Entodermzellen, aus denen der 
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Darm entsteht; zweitens die Einstiilpung der Ektodermzellen vom dorsalen 
Umschlagsrande aus, welche die ektoblastogene Anlage der Chorda und des 
Mesoderms bildet. Die Einstiilpung der Entodermzellen ist als Gastrulation 
zu betrachten. Es ist ein palingenetischer Process, den die Chordaten von 
ihren Vorfahren ererbt zu haben scheinen, wo dieser Process gleichmiassig 
und radial symmetrisch vor sich ging, wie es sich bei einigen wirbellosen 
Thieren beobachten lasst. Die Einstiilpung der Ektodermzellen ist dagegen 
als ein caenogenetischer Process zu betrachten, der mit der Bildung des 
Darmes nicht zu thun hat und durch den die Bildung der ektoblastogene Anlage 
der Chorda und des Mesoderms eingeleitet wird. 

It will be readily appreciated that the two significant conceptions intro- 
duced here by Lwoff are (a) the postulate of a caenogenetic second phase in 
chordate development; the tissue of which gives rise to the chorda dorsalis 
and the segmented mesoderm and (b) the postulate that this second phase 
which provides the tissue giving rise to the chorda dorsalis and the segmented 
mesoderm is an invagination of ectoderm cells. 

Nobody need be reminded of the fact that the first phase (the palingenetic 
phase or gastrulation proper), to quote Brachet (1921, p. 117), is “‘le processus 
grace auquel, aux dépens de la masse des cellules issues de la segmentation de 
lceuf, se constitue une larve 4 deux feuillets, l’un externe, l’autre interne, qui 
restent en continuité entre eux en un point déterminé de leur étendue. La 
gastrula est donc, dans tous les cas, un embryon didermique.”’ This phase has 
for its objective the laying-down of the gut and its derivatives and the forma- 
tion of that ancestral gastrula type postulated by all embryologists since the 
appearance of the classical research of Huxley (1859) when he established the 
homologies of the ectoderm and endoderm of Coelenterata with the same 
layers in Vertebrata. It is the same ancestral type whether we regard its endo- 
derm as being produced by invagination (as in Haeckel’s gastraea, 1872), by 
delamination (as in Lankester’s planula, 1877), by transverse fission (as in 
Biitschli’s plakula, 1884), or by immigration (as in Metschnikoff’s paren- 
chymella, 1886)—vide McMurrich (1890). The term didermique used by Brachet 
is therefore singularly apt in summarising the end result of this first phase. 

We may therefore assume that all investigators are unanimous in recog- 
nising a didermic or first phase of “ gastrulation,’ whatever the differences of 
opinion may be concerning the actual method of achievement of the phase. 

As regards the second phase, it is perfectly true that even before the time 
of Lwoff various observers had recognised that the process of invagination in 
Chordata was not a single but a double one. However, Lwoff appears to have 
been the first to realise that the second phase had one objective only and that 
this objective was the formation of the tissues of directive movement, i.e. the 
segmented mesoderm and the notochord. He therefore was the first to really 
define it and certainly did a great service by conceiving it as a unified and 
separate process superimposed upon the first phase. Since the time of Lwoff, 
this second phase has been repeatedly recognised—by Brauer (1897), Brachet 
(1902), O. Hertwig (1903), Hubrecht (1905), Keibel (1905), and Selys Long- 
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champs (1910)—and has become practically part and parcel of present day 
embryological orthodoxy. 

The actual nature of the events which lead to the production of the second 
phase of gastrulation will be apparent immediately if fig. 1 (representing 
diagrammatically the invagination process in an Amphibian form) be examined. 
This diagram (after Brauer) shows the blastoporal opening posteriorly. The 
ventral (or posterior) boundary of the blastopore is formed by large rounded 
and richly yolk-laden cells which present the strongest possible morphological 
contrast to these endodermal cells as regards their size, shape and cellular 
content. They are deficient in yolk and are richly supplied with pigment so 
approximate much more closely in character to the ectoderm. These cells 
may be traced forward as a continuous plate lying under the ectoderm. This 
plate terminates suddenly and is supplanted anteriorly by two endodermal 
cells (i.e. at the point of transition). This “dorsal plate” (or deutenteric arch 
of Brachet) gives rise to the notochord and the segmented mesoderm. We see 
in it therefore the accomplishment of the second phase in gastrulation. 


Point of fransition 
(ectoderm - endoderm) 







Deutenteron Archenteron 
Dorsal plate. 





Ectoderm 


Blastopore. 


Fig. 1 (after Brauer) to show the two phases of vertebrate gastrulation. 


So obtrusive are these two phases in Petromyzon that Selys Longchamps 
(1910) ultimately named the cavity lying under the primordium of the chorda 
and the segmented mesoderm the deutenteron, as opposed to the archenteron 
which is present more anteriorly in the embryo and arises before the deuten- 
teron. 

The “enteric” cavity covered over by this dorsal plate of mesodermal 
tissue in the amphibian (vide fig. 1) is the deutenteron (of Selys Longchamps); 
anterior to it we recognise the archenteron which becomes formed gradually 
and lined by true endoderm cells. 

This conception of the second phase has found admirable treatment in 
Brachet’s (1921) work, where it has been demonstrated for all the vertebrate 
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classes. Consequently, there is little need here for a revision of the detailed 
evidence. 

On en a déduit (says Brachet, p. 181) cette conclusion, d’une importance 
capitale pour la morphologie des Chordes, que l’écusson médullaire et les 
organes qui lui sont sous-jacents, par conséquent le dos entier de l’embryon, 
au cerveau antérieur a l’anus, se forment dans la domaine exclusif du deu- 
tenteron, par différenciation sur place de l’ectoblaste et de l’entoblaste qui 
en constituent la paroi superficielle. Nous donnerons 4 cette paroi le nom de 
vottte deutenterique. 


Scarcely has the first phase been completed in lower Chordata (Amphioxus 
and Petromyzon) when the second phase begins. Indeed, the higher the animal, 
the greater is the tendency for the second phase to be initiated early and to be 
expedited so that in the mammalia the second phase is ushered in so rapidly 
that it may be described as anteceding the first phase. In this precocity in 
appearance of the second phase we recognise another example of the tendency 
frequently evidenced in embryonic forms to reproduce, as early as possible 
in foetal life, the tissues which are more early called into activity irrespective 
of the order of their appearance in phylogeny. This is of interest because 
certain authors (vide Lwoff’s paper) have been misled by this precocity into 
regarding the second phase as palingenetic instead of caenogenetic, a deduction 
which other considerations will not allow us to admit. 

It is evident, therefore, that the first postulate of Lwoff—the unified and 
separate process superimposed upon the first phase—is well grounded in 
embryological fact. Further, since this process gives rise to the segmented 
tissues it is evident that the second phase and the deuienteron are peculiar to 
the possessors of a segmented mesoderm. 

The second postulate of Lwoff—the ectodermal origin of the notochord and 
segmented mesoderm—has not been generally admitted by embryologists. 
Selys Longchamps and Brachet, amongst the recent Continental workers, 
still regard these tissues which arise from their “deutenteric arch” as endo- 
dermal in origin—a view dating from Kowalevsky’s and Hatschek’s classical 
researches upon Amphioxus and maintained by Conklin (1905) for the 
Ascidian. 

An insistence upon the endodermal origin of these tissues has been rendered 
very easy by its general adoption in most embryological text-books since 
Hatschek’s time. Nor is the reason for this insistence far to seek. The cogent 
impulse behind the attempt to derive the segmented mesoderm from the endo- 
derm is the establishment of an homology between the “‘outpouchings of the 
archenteron” in Echinodermata and the so-called “outpouchings of the 
archenteron” in Chordata; i.e. the demonstration of an homologous process 
of mesoderm-formation in both phyla. 

There are two reasons why such a doctrine is untenable. In the first place, 
the two tissues called “‘mesoderm”’ produced by these supposedly homologous 
processes are in no way comparable with one another. Thus the “‘ outpouchings 
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of the archenteron” in Echinodermata give rise to a water-vascular system 
and other structures peculiar to Echinodermata; in brief, the resultant ‘‘ meso- 
derm” is unsegmented and is innervated by a characteristic nerve-net system. 
The embryological investigation of Echinoderms has tended to emphasise this 
endodermal origin of the unsegmented mesoderm in these creatures; there is 
present in them, however, an equally important, even if not so obvious, 
ectodermal constituent of this unsegmented mesoderm also innervated by the 
nerve-net system. The whole “mesoderm” so constituted of endodermal and 
ectodermal elements and innervated by the nerve-net system may be broadly 
compared only with the peripheral mesoderm of Riickert (the peristomial 
mesoderm of Rabl) in Chordata. In Chordata, this “‘mesoderm” is equally 
unsegmented and innervated by the sympathetic system—the nerve-net of 
these forms. 

But the unsegmented mesoderm, common to all Metazoa, is a very different 
type of tissue from that mesoderm which results from the so-called “out- 
pouchings of the archenteron” in Chordata. This mesoderm is the true or 
segmented mesoderm—the axial mesoderm of Riickert (the gastral mesoderm of 
Rabl). There is no tissue of Echinodermata comparable with this segmented 
mesoblast which is not only innervated by the sympathetic nerve-net system 
(Boeke, 1918; J. T. Wilson, 1921) but has an additional and characteristic 
innervation presenting the synaptic neurones of Waldeyer with their specific 
reflexes and invariability of response—phenomena entirely without counter- 
part in Echinodermata (Dart, loc. cit.). 

The second reason why the echinoderm homology is untenable has been 
adequately dealt with by Lwoff whose statement will be used here. Lwoff 
has shown that, even though “outpouchings” occur in Chordata, the cavities 
of the outpouchings do not form the coelom as has been assumed in the past; 
but these cavities always disappear and the coelom appears separately and 
elsewhere. This repudiation is so important and has been so generally neglected 
that it should be quoted in full. He says: 

Daraus ist klar, dass die Mesodermfalten mit ihren Héhlen bei Amphioxus 
nur ein dussere zufillige Erscheinung darstellen, der man keine besondere 
phylogenetische Bedeutung zumuthen kann. Die Leibeshéhle hat hier mit 
den vermeintlichen Urdarmdivertikeln nichts zu thun. Es ist also nur eine 
scheinbare Enterocoelie, die in Wirklichkeit nicht existiert, da die Leibeshdhle, 
wie bei allen Wirbelthieren, durch Auseinanderweichen der Zellen gebildet wird. 
Es darf darum keine Rede davon sein, das Amphioxus streng genommen ein 
Enterocoelier ist, geschweige denn davon, dass alle Wirbelthiere, was die 
Mesoderm—und Leibeshéhlenbildung betrifft, von einem Enterocoelier abzu- 
leiten sind. Denn alle Versuche, bei niederen oder héheren Wirbelthieren die 
Urdarmdivertikel resp. Mesodermfalten und einige Spiiren von Enterocoelie 
zu finden, sind so gezwungen, dass man sie im Ernst nicht nehmen kann. 

Dasselbe muss auch iiber die Coelomdivertikel gesagt werden, welche Van 
Beneden und Julin bei Clavellina beschreiben, weil die Héhlen dieser Diver- 
tikel bald verschwinden und das Mesoderm jederseits solide Zellenhaufen 
darstellt. Uebrigens konnte der spatere Untersucher des Gegenstandes— 
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Davidoff eben so wenig wie der friihere—Seeliger die Bilder auffinden wie sie 
van Beneden und Julin zur Annahme der Divertikel fiihrten. Davidoff kommt 
in seiner Zeit zum Schlusse dass die Entstehung des Mesoderms bei Distalpia 
und Clavellina in keiner Weise an Ausstiilpungen der Gastrulahéhle (Coelom- 
divertikel) gebunden ist, und dass die Mesodermentwickelung bei diesen 
Chordaten keineswegs auf eine den Hertwigschen Enterocoeliern entsprechende 
Form zuriickgefiihrt werden kann (loc. cit. pag. 600 und 607). Da bei anderen 
Tunicaten bis jetzt keine Spur von Coelomdivertikeln gesehen wurden, so 
beruht die ganze Coelomlehre, was die Chordaten betrifft, nur auf der Entwicke- 
lung des Amphioxus. Da aber meine Untersuchungen gezeigt haben, dass auch 
beim Amphioxus diese Divertikel zur Leibeshéhle (Coelom) nicht werden, 
sondern verschwinden, so kann angenommen werden, dass ein wahrer Entero- 
coelier unter allen Chordaten nicht existiert. 

It is very evident, then, that the coelom in Chordata is not archenteric 
in origin at all, and certainly cannot be homologised with the “archenteric 
outpouchings” in Echinodermata. This lacuna in the evidence for homologies 
has never been filled in; and even if it were, a still greater one remains. The 
“‘outpouchings”’ themselves in Chordata are not outpouchings of the archen- 
teron but of the deutenteron; and the deutenteron (with its derivatives) is 
something characteristic of Chordata which has no counterpart whatever in 
Echinodermata. 

The assumption which has been used to justify “the hypothesis that the 
mesoblastic somites of segmented animals are derived from a diploblastic 
coelenterate-like ancestor with folded gut walls,” in the past, has been the 
belief that “‘the folding has arisen as a result of the necessity for an increase 
in the extent of the vegetative surfaces in a rapidly enlarging animal” 
(cf. Sedgwick, 1884). 

Such a conception is entirely inadequate to explain either the embryo- 
logical or the physiological facts. The second phase in development, which 
gives rise to the segmented mechanisms, teaches us that the distinctive factor 
in the differentiation of the higher segmented forms is the segmented nervous 
system and dependent upon it but coincidently with it a segmented mesoderm 
(vide Kleinenberg). 

The fundamental physiological distinction between the movements of animals 
without this segmental apparatus and those of creatures which possess it in even 
the crudest form was detected by Agassiz and Gould (1848) when they said: 

The jelly fishes (Medusae) swim by contracting their umbrella-shaped 
bodies upon the water contained within and its resistance urges them forwards, 
.. others contract small portions of the body in succession which, being thereby 
rendered firmer, serve as points of resistance, against which the animal may 
strive, in urging the body forwards. The earth-worm whose body is composed 
of a series of rings united by muscles, and shutting more or less into each other, 
has only to close up the rings at one or more points to form a sort of fulerum 
against which the rest of the body exerts itself in extending forwards. 

It was this serial arrangement of successive rings (segmentation) which 
provided a point of departure from the peristaltic response of the nerve net 
system of lower forms. It depended upon a segmental autonomy in reflex 
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response—the reflex are and the neurone of Waldeyer. In short, the achieve- 
ment of a neuromuscular mechanism of segmental type has been the starting 
point in the production of forms invertebrate and vertebrate, endlessly diver- 
sified in type, all of which have solved in the characteristic segmental fashion 
the problem of orientating the body adequately with reference to its environ- 
ment, Such forms, as I have shown elsewhere (loc. cit. 1922), proved especially 
capable in dealing with the problem of land progression. A segmented nervous 
system was therefore the initial event which led on the one hand to that 
pre-onychophoran form which was ancestor to Annelida, and on the other 
hand to the ancestor of Chordata. 

It might be anticipated from these neurological and physiological con- 
siderations that an ectodermal origin of the segmented mesoderm is not only 
possible but highly probable. Huxley pointed out (1877) that the fundamental 
reason for the differentiation of ectoderm and endoderm was the physiological 
division of labour, providing in the first a tissue for protection and locomotion 
and in the second a tissue for nutrition. The segmental apparatus is first and 
foremost a locomotor tissue—for directive movement of the body as a whole. 
By second intention this mechanism of body movement is protective—i.e. for 
directive movement away from danger. Last of all, various portions of this 
system, so arising, become adapted in response to the demands of nutrition— 
ie. the mastication and digestion of food, ete.; but such adaptations are rather 
final and not initial factors in the appearance and transformation of segmented 
mesoderm. It is for this reason that such segmented musculature as becomes 
secondarily adapted for mastication, deglutition, respiration, micturition, 
defaecation and parturition is amongst the most altered muscular tissue of 
the animal body and has preserved, with difficulty as it were, the traces of its 
primitive segmental simplicity and autonomy. 

In consequence of these realities, histological criteria are available which 
support the ectodermal conception of the origin of the “‘deutenteric arch” 
(or “head process” or “dorsal plate”). The first criterion is that the cells 
arise at a definite site (the dorsal or anterior lip of the blastopore) and are 
progressively invaginated along the roof of the enteric canal—hence the 
“invagination” is real (ef. fig. 1). Secondly, this region of ‘‘ecto-mesoderm” 
is in a state of extraordinarily active mitosis while the definitive endoderm 
is relatively passive and amitotic. In consequence, there is a marked contrast 
between the anterior and posterior lips of the blastopore. Finally there is 
an intimate histological similarity (e.g. yolk content—vide Brauer) between 
the cells of the ectoderm and of the segmented mesoderm, while the cells of 
the ectoderm and the endoderm are in marked histological contrast. 

This invagination, from the ectoderm, of cells of different character from 
true endoderm cells was certainly recognised by the three British investigators, 
Balfour (1880-81), Scott (1882) and Shipley (1887). Indeed Shipley was 
revolutionary enough to state of Petromyzon that “its dorsal wall is composed 
of columnar cells resembling those of the general epiblast; the cells forming the 
floor have the same characters as the yolk cells.” 
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But Lwoff showed that identical conditions obtained through all Chordata 
and in this he has been confirmed, more especially by the admirable embryo- 
logical researches of Brauer (1897). The revision of discordant views by Brauer 
is of the first importance. Moreover he has given support to Lwoff’s view, by 
a careful study of the pigment conteut of the mesoderm (p. 457). The work of 
Lwoff and Brauer offers a better interpretation of the facts concerning the 
lower Chordata and has allowed of a direct homologisation of the process of 
mesoderm formation there with the process as followed by Amniota, Their 
points of disagreement from other workers are not points of fact but of inter- 
pretation. In this interpretation they have received noteworthy support from 
Carl Huber (1918), who has summarised the literature upon the subject, carried 
out a meticulous research upon the development of the mammalian chorda 
dorsalis and expressed himself finally as follows: 

Since the endoderm takes no active part in the histogenesis of the head 
process, chordal canal and chordal plate and since the chordal plate becomes 
only partially and temporarily incorporated in the endoderm, there seems no 
justification for classing the chorda dorsalis as an endodermal derivative. And 
since the head process, the anlage of the chordal canal and derived structures, 
has its anlage in the cranial portion of the primitive node, a region of active 
ectodermal cell proliferation; and since the chordal canal and plate retain 
their continuity with the primitive node, which serves as a growth zone; there 
seems justification in regarding the head process—chordal canal and derived 
structures, chordal plate and chorda dorsalis—as a derivative of the ectoderm 
of the primitive streak region of the embryonic shield. 

It is futile to embarrass chordate embryology with analogies which the 
science has long since outgrown. Not only the first but also the second postu- 
late of Lwoff is justified—the justification not merely resting on a histogenetic 
basis but being confirmed by neurology, physiology and phylogeny. For just 
as Brachet (1921, p. 179) has insisted that the chorda dorsalis is a neoformation 
so, too, are the segmented mesoderm and neural tube that arise coincidentally 
with it. These neoformations are, as we have seen, the basis of the physio- 
logist’s voluntary apparatus; and it is rather to be expected that since this 
apparatus was designed to answer the call for locomotion of the body as a whole 
(Dart, loc. cit.) the stimulus behind segmentation was a more precise apprecia- 
tion of environment by the ectoderm (Huxley) rather than some. fortuitous 
internal expansion of the endoderm (Sedgwick). This conception is in entire 
agreement with the heterodoxy of Lwoff’s derivation of the segmented meso- 
derm from the ectoderm in Chordata and with Kleinenberg’s derivation of the 
segmented musculature and nervous system from a “gemeinsame Neuro- 
muskelanlage” in the ectoderm of segmented Invertebrata. It is expressed 
in the following scheme of classification: 


Coelenterata, Platyhelminthes, Nemathelminthes, Echinodermata, Mollusca, 


ECTODERM 
>onszawex TED MESODERM. 
ENDODERM 





if 


So ee 


_ 


na 


rPRaorow B&O 





Anterior End of Neural Tube 189 


Annelida, Arthropoda, Chordata. 
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The traditional text-book pictures founded upon Hatschek’s figures of 
Amphioxus, and an imperfect conception of the nature of the segmented 
mesoderm, are misleading. The fact of bilateral symmetry in this mesoderm 
so impressively represented in Hatschek’s figures is undoubtedly valuable; 
but the equally fundamental truth revealed by this series of investigators is 
thereby lost; namely, that the whole segmented mesodermal mass is an “‘in- 
vagination”’ of the ectodermal anterior lip of the blastopore. 

Meantime a wholly different series of investigators including Kastschenko 
(1888), Goronowitsch (1892), Miss Platt (1893), ete.—as Landacre (1921) has 
shown. in his admirable summary—have declared that much of the “head 
mesoderm” is proliferated from the ectoderm directly—a fact which has 
ultimately received important experimental confirmation in the work of 
Stone (1921). 

This “head mesoderm,”’ so arising, is part of the segmental mesoderm— 
it gives rise to the “‘trabeculae, Meckel’s cartilage, the palatoquadrate and all 
of the branchial cartilages except +he second basi-branchial or urohyal” 
(according to Landacre). It would, indeed, have been an extraordinary fact 
if this mesoderm had been ectodermal and the mesoderm giving rise to the 
segmental musculature had not been ectodermal (as so many have maintained). 

The cumulative evidence of the two series of observers mentioned, has 
shown that not only the so-called “head mesoderm” but also the segmented 
mesoderm of the trunk is primarily ectodermal; so the two together form an 
indivisible harmonic structural unity. 

This unity in character is illustrated not only by the embryological evidence 
adduced. We have already recognised that the whole of the striated (meso- 
dermal) musculature (derived from the deutenteric arch formation) is to be 
contrasted with all other unstriated (or dermal) musculature, because the 
dermal (unstriated) musculature is innervated by the sympathetic (nerve-net) 
system only, whereas the true mesodermal (striated) musculature is innervated 
by the sympathetic system and by the central nervous system as well. In 
this fundamental fact of double innervation we recognise the unity of the adult 
tissues derived from the deutenteric arch formation and appreciate in addition 
that we have, in this tissue, an evolutionary advance on the dermal muscu- 
lature which was there before it—that the mesodermal musculature, as a 
whole, is a new formation. 

It is equally significant that from the striated musculature there flow 
continuously into the medullary tube those impulses of “muscle sense” and 
“tendon sense” which provide the organism with information concerning its 
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location in space. This property of the mesodermal (striated) musculature, 
which is unknown in the dermal (unstriated) musculature, is at one and the 
same time a token of its separation from the (endoderm) tissues which possess 
only an “‘enteroceptive” quality and its affinity with the tissues (ectodermal 
only) which possess the “exteroceptive” quality so preponderantly. Un- 
fortunately these terms “‘extero-, proprio-, and enteroceptive” have meaning 
only in neurology—as denoting the different kinds of afferent impulses recog- 
nised in the animal body. The terms have had no morphological meaning 
hitherto, nor is it suggested here that they should be given a morphological 
meaning. Attention is merely drawn to the fact that the distinctions in the 
“afferent” system, inculcated by Sherrington, have as their morphological 
foundation one fundamental fact and one only: that the enteroceptive impulses 
are mediated primarily by a nerve-net (vegetative) nervous system, the 
exteroceptive and proprioceptive primarily by a segmented (central) nervous 
system; the former is initially the chaos of a network, the latter the order of 
serial arrangement. 

This serial segmental arrangement is found in the ectoderm and it is found 
in a certain restricted portion of the mesoderm. It has never been found in 
the endoderm of any organism. Are we then to attribute to this endodermal 
parent, fertile as she has been, such an unnatural offspring? 

But the unity in character, or better the maternal-filial relationship between 
the ectoderm and the segmented mesoderm is equally patent if we consider the 
other derivative of the deutenteric arch (or dorsal plate). I refer to the skeletal 
parts, the bones, the fulcra and points of attachment upon which the seg- 
mented musculature acts. The most exacting histological observation by 
observers of all nationalities over a long period of time has only served to 
reveal the intimacy of the homology between the various processes of bone 
formation in the ectoderm and in the segmented mesoderm, whether the end 
results be scales, the so-called “‘dermal” bone, “cartilage” bone, or “‘mem- 
brane” bone. What evidence have we that the endoderm preserved the faculty 
to produce such structures itself, much less to produce a whole sheet of body 
tissue which should give rise to such structures at a considerably later period 
of evolutionary history? In other words the tissues to which this sheet of 
invaginated ectoderm gives rise vindicate their ancestry by their close histo- 
logical resemblance to similar tissues whose origin from the ectoderm is 
indisputable; and so the whole segmented mechanism of musculature and 
skeletal parts manifests in its lineaments (embryonic or adult) that it sprang 
from the same womb—twin births as it were—which gave origin to the tissue 
controlling its activities, namely, the segmented medullary tube. It is by these 
criteria of histology and of neuro-physiology as well as, or rather, in preference 
to those other hypothetical and very erroneous criteria of echinoderm com- 
parison, that these questions should be examined and an answer returned. 

Superficially, the recognition of this fact of ectodermal invagination might 
seem to be merely a verbal quibble; but actually it is a generalisation of the 
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greatest significance not only for physiology, neurology and embryology, but 
for all orientation and consequently for all descriptive morphology, whether 
of the skeletal, osseous or nervous systems—indeed of the whole body. Because 
orientation is of such paramount importance in descriptive morphology I wish 
to examine, in the light of the information gathered concerning the segmented 
mesoderm, two ancient questions of orientation. 


THE ANTERIOR END OF THE BODY 


In this fact of the second phase of invagination we have the ontogenetic 
repetition of a fundamental incident in phylogenetic history, namely, that the 
segmental tissues were introduced into the framework of a creature which 
previously had no segmentation at all but already possessed a mouth and an 
anus. Since the segmental tissues are the tissues of directive movement, this 
is only another way of saying that the creature understood how to deal with 
food before it appreciated how to seek for it. 






Oral membrane . 4 


Fig. 2 (after Goette) for comparison of “head” and “tail” growth. 


Whether we agree with those who (like Sedgwick and O. Hertwig) derive 
the mouth from the division of the blastoporal slit, or, with those (like Huxley) 
who postulate for its production a new formation, we must recognise the general 
admission that the laying down of these segmental tissues has taken place 
along a central linear axis extending between these two sites. The proof of 
this statement lies in the fact that, when the ectodermal invagination has 
given rise later to the segmented tissues, the segmental tissues (“‘le dos entier 
de l’embryon’’) are limited in front and behind respectively by these two sites 
(oral and anal membranes). This fact is picturesquely emphasised by a com- 
parison of the behaviour of the segmental tissues posteriorly and anteriorly 
during development. 

Fig. 2 is a schematic sagittal section of Bombinator igneus (after Goette) 
to illustrate the changes which take place after the invagination (pictured for 
another amphibian in fig. 1). The original blastoporal site is now represented, 
as is well known, by the anus. The zone of growth still lies (morphologically 
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speaking) anterior to the blastopore (anus), and gives rise to the segmented 
tissues of the tail. Under it lies the neurenteric canal; dorsally, the canal opens 
into the neural tube and ventrally into the post-anal gut. At this stage the 
“‘deutenteric arch” is no longer exposed in the gut cavity but has become 
separated from it by the undergrowth of true endoderm and has itself become 
differentiated into notochordal and somitic tissues. Concerning the relation 
of the tail to the anus Brachet (p. 255) has suitably summarised our present 
information: 

Quant a la queue, elle procéde de l’allongement et de la différenciation du 
bourgeon caudal. Elle surplombe d’abord l’anus, puis le dépasse d’avant en 
arriére.. Par définition, elle est, non seulement chez tous les Amphibiens, mais 
chez tous les Vertébrés, la portion postanale de la larve. Or l’anus étant, par 
son origine méme, |’extrémité terminale de la partie ventrale du corps, il 
s’ensuit que le bourgeon caudal n’est qu’un prolongement de sa partie dorsale 
et ne contiendra dans sa substance que le systéme nerveux central, la chorde, 
les parties juxtachordales du mésoblaste et la votite du tube digestif. 






Dorsal 
(protochordal ) 
plate. 






oy : 
on hysis. 
re Oral membrane. 


Fig. 3 (after Bonnet) to show anterior end of the dorsal plate (deutenteric arch). 


Now, no embryologist would seriously put forward the notion that the 
tip of the tail or the-posterior termination of the central nervous system in the 
filium terminale represents the morphologically terminal end of the chordate 
body. It is equally impossible to regard the projecting tip of the snout, much 
less any supposed termination of the neural tube, as the true anterior end of 
the body as has been done by Hatschek (1909) and others, 

Fig. 3 (a sagittal section of a dog embryo after Bonnet) presents a certain 
stage in the development of the anterior region of the body. The oral mem- 
brane O, hypophysis H, and Seessel’s pocket S, present a fixed and striking 
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.relationship with one another. The “voiite deutenterique” of Brachet is 
represented anterior to the notochord N by the so-called “ prae-chordal Platte” 
of Oppel (‘‘protochordal plate” of other authors). The continuity of this 
structure with the notochord and the direct part it plays (cf. K. M. Parker, 
1917) in the production of the anterior head cavities and in consequence 
(cf. E, A. Fraser, 1915) of the eye musculature show its continuity with and 
genetic relationship to the “dorsale Einstiilpung” of Goette (i.e. the “dorsale 
Platte” of Lwoff), which gives rise throughout Chordata to the axial skeleton 
and the segmented mesodermal tissues generally. 


Neural tube 


Notochord . 





Oral membrane . 
Anus. 


Fig. 4 (after Brauer) to emphasise the linear morphological orientation of the segmented tissues 
between the oral membrane and anus. 


Reference to fig. 4, taken from the work of Brauer, will make these facts 
obvious. We must recognise that, as far as the head is concerned, it developes 
by a lengthening out of the neural tube and the segmented mesoderm head- 
wards over the oral plate which is directly comparable with the prolongation 
of these structures tailwards beyond the anus. Just as the prolongation of 
these structures posteriorly causes a dorsal diverticular extension of the gut 
to form the post-anal gut, so their anterior prolongation is the causative factor 
in the production anteriorly of the dorsal diverticular extension of the gut 
known as Seessel’s pouch or pre-oral gut. Subsequently, just as the post-anal 
gut disappears in ontogeny so the pre-oral endoderm “does not play any part 
in later development” (K. M. Parker, 1917, p. 195). 

It follows from these facts that the caenogenetic tissue of the protochordal 
plate and its derivatives ends in the vicinity of Seessel’s pocket and that the 
protochordal plate is morphologically entirely posterior to the oral membrane just 
as the same tissue is morphologically entirely anterior to the anal membrane. 
Consequently the so-called prae-oral gut is morphologically post-oral and the 
post-anal gut is prae-anal. Finally, the most valuable morphological antero- 
posterior orientation which we possess for all Chordata is the oral plate-anal 
membrane orientation; and the oral membrane is the true anterior end of the 
chordate body. 

The criterion of antero-posterior orientation so established needs a word of 
comment because the vertebrate mouth has been provocative of such extra- 
ordinary speculations. Even at the present time we find some investigators 
(e.g. Neal, 1921), who hold that “the present vertebrate mouth may be con- 
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sidered as the third—or fourth, if the neuropore be added—mouth in chordate 
cephalogenesis.”” 

The contribution of Beard (1888) has done much to eliminate the crudities 
of the earlier speculations of Dohrn, Owen, J. T. Cunningham, and others 
concerning the fourth ventricle, infundibulum and other routes which the 
“palaeostoma”’ was supposed to have taken. At the same time Beard’s own 
speculation concerning the hypophyseal “‘palaeostoma”’ is scarcely happier. 
_ Ontogeny provides no evidence whatever to support a “palaeostoma” other 
than the oral membrane itself. 

From such bizarre interpretations it is refreshing to turn to the single 
postulate which Huxley (1877) regarded as sufficient to account for the appear- 
ance of a stoma in animals above Coelenterata, namely “the development of 
a secondary aperture near the anterior end of the body, which becomes the 
permanent mouth.” The only modification of this conception suggested here 
is that this secondary aperture was not merely near the anterior end of the 
body, but was itself the actual anterior end. 


THE ANTERIOR END OF THE NEURAL TUBE. 


The recognition of the “second phase”’ in chordate development has further 
a most important bearing upon the problem of the anterior end of the neural 
tube. We have recognised as one of the constituent portions of “le dos entier 
de l’embryon” the neural tube itself. In direct consequence of this fact, the 


one and only point where the neural plate and axial mesoderm (the coincident 
phylogenetic new formations) come into most intimate relationship with one 
another, and at the same time with the ectoderm (hypophyseal inpocketing) 
and the endoderm (Seessel’s pocket) which they are separating—this point is 
at the anterior end of both the neural plate and of the axial mesoderm. This 
site, common to all these structures, may be termed the infundibular point, 
and the infundibular recess, which is in most intimate contact with this site, 
is to be regarded as the anterior extremity of the neural tube. 

It is generally laid to the credit of His that he was the first to differentiate 
clearly between an alar and a basal lamina of the neural tube and to give a 
clear and precise statement of the development of that structure, placing the 
anterior end of the neural tube in the recessus infundibuli. 

As a matter of actual fact, von Baer (1828) had pointed out many years 
before, against the teaching then current, that “der hohle Cylinder (i.e. the 
neural canal) bestiinde aus zwei urspriinglich vereinigten Hialften.” He 
showed (S. 64) that ‘“Jede Seitenhalfte des Riickenmarkes ist durch eine 
mittlere helle Furche in einen obern und einen untern Strang getheilt” and 
from considerations of primary position and subsequent growth had already 
termed the infundibulum “das wahre urspriingliche Ende vom Centraltheile des 
Nervensystems.”’ 

Various authors since the time of von Baer, however varied their line of 
approach, have been led to identical or approximately identical views. The 
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outstanding features in regard to the infundibular location is its fixity from the 
embryological and osteological point of view. Thus J. E. Frazer (1921) states: 

Some years ago (Lancet, 1916) I described the pituitary region of the brain. 
as the most fixed place within the skull, and referred the formation of the 
midbrain flexure to the forward growth of the hind-brain acting against this 
fied point....The definite adhesion of stomodaeal and neural ectoderm at this 
place, and their association with the upper end of the bucco-pharyngeal 
membrane, Seessel’s pocket (when present), and the adherent notochord, seem 
to me to give a guarantee of fixation, supported by every sagittal section, which 
must influence the shape of a brain growing up against its fixation here. The 
brain growing more rapidly than the skull-base, piles itself up into curves, 
so to speak, and these then owe their existence mechanically, and at least in 
part, to this fixation of the forebrain. 

Equally definite is the dictum of Sir Arthur Keith (Keith and Campion, 1921) 
in the following excerpt: 

The superimposition has been made so that pituitary fossa falls on pituitary 
fossa, and cribriform plate on cribriform plate, because a prolonged experience 
has shown one of us (A. K.) that the pituitary or sphenoid region serves best 
as a fixed point in comparing the development of one skull with that of another. 


Similarly Brachet (1921) in discussing the development of the brain expresses 
himself (p. 333): 

Comme celle-ci est fixée a ses deux extrémités, en avant par ’hypophyse 
et la bouche, en arriére par sa continuité avec le tronc, elle est obligée de se 
soulever en une voussure proéminente, qui surplombe et dépasse de plus en 
plus la région de la membrane pharyngienne. 

That the cranial flexures are a measurable sign of the degree of twisting 
that has taken place about the end of the notochord is well recognised. Hertwig 
(p. 425, Mark’s translation) states: 

The extent of these curvatures is very different in the various classes of 
vertebrates. Thus the cephalic flexure is only slightly emphasised in the lower 
vertebrates (Cyclostomes, Fishes, Amphibia); it is, on the contrary, much 
greater in reptiles, birds and mammals; but in Man especially, whose brain 
is most voluminous, all of the flexures are developed to a very high degree. 

This fixity is the conditio sine qua non of any landmark and these weighty 
statements, representing the results of experienced observation, are corro- 
borative of von Baer’s view. They might be expected sufficiently to solve the 
problem which we have here engaged, but it is necessary to examine closely 
other views which have been advanced at different times over an extensive 
period and which lay claim to being more adequate interpretations of the 
evidence. 

This evidence, gleaned from the study of the ontogeny of the chordate 
neural tube, has given the most diverse results in the hands of various workers. 

His (1898) regarded the anterior end of the neural tube as closing during 
development by a process of concrescence, which extends from the infundi- 
bulum forwards to the upper edge of the lamina terminalis. Consequently, 
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although His did place the extreme anterior end in the recessus infundibuli, he 
gave no morphological reason for so doing. 
_ Von Kupffer (1898) chose the recessus neuroporicus at the upper edge of 
the lamina terminalis, but Keibel (1889), J. B. Johnston (1909) and others 
have selected the optic chiasma as the point in question. It is evident that by 
means of the “raphe” conception His was able to bring his views more or less 
closely in line with von Kupffer’s notion of the neuropore and yet to state that 
he differed from Keibel’s optic chiasma “‘nur um weniges.” 

But this rhetorical treatment of the matter is unsatisfactory, unscientific 
and inadmissible. We will discuss the two points in turn considering the claims, 
first, of the neuropore; and, second, of the optic chiasma. 


Neuroporic recess. 

Von Kupffer put forward in various papers a series of postulates which have 
not received corroboration : (1) that the last point of closure of the neural tube 
and its separation from the ectoderm is constant for Vertebrata and is marked 
in the adult by the recessus neuroporicus; (2) that the point in question is 
homologous with the “neuropore” of Amphioxus; and (8) it is homologous 
also with the “lobus olfactorius impar” in Cyclostomi. 

In the first place, as regards the lamprey homologisation, Kappers (1921) 
has said quite recently that von Kupffer’s point (neuropore) loses much of its 
importance because of Woerdeman’s (1914) demonstration that the olfactory 
placode is in contact with the “ Vorraum” of the hypophysis. But quite apart 
from any embryological demonstrations at all, it is clear that the homology 
of the unpaired olfactory lobe of Cyclostomes with the embryonic neuropore of 
vertebrates by von Kupffer is pure speculation; for it is inconceivable how any 
homology of a cavity with a definite cellular mass can be contemplated. The 
only homology the lobus olfactorius impar can have is with the paired lobes of 
higher forms. As Karl Peter (1906) pointed out (Hertwig’s Entwickelungslehre) 
nobody has ever confirmed von Kupffer’s “triple” origin of the olfactory organ 
in Cyclostomes nor his unpaired olfactory nerve passing to the unpaired 
groove. 

In the second place, Hatschek (1909) by a comparative study of Petro- 
myzon and Amphioxus has dealt with von Kupffer’s second contention. He 
has refuted his homology of the neuropore of Amphioxus with the structure, 
so-named, in other Chordata and has insisted upon the “roof” position of the 
lamina terminalis and associated structures. 

Finally, other investigators have rendered yeoman service to embryology 
and neurology by a critical examination of the first and really basal postulate 
in von Kupffer’s thesis. Koltzoff (1902), by a study of the development of the 
ammocoete larva of Petromyzon, showed that the “‘neuropore”’ of von Kupffer 
is not the terminal point of the neural tube at all but can be regarded at best 
as merely that place where the neural tube last loses contact with the ecto- 
derm. He further insisted that the “recessus opticus” belongs to the dorsal 
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or roof structures of the neural tube and that in later stages the apex of the 
infundibulum serves as the boundary mark between the floor and roof of the 
neural tube. In this way, he urged, the floor of the tube lies in contact with the 
notochord, the roof with the ectoderm. 

Equally vigorous is the attack of Fanny Fuchs (1907-8) upon the specula- 
tions of von Kupffer. The latter had assumed, as stated previously, that the 
last point of separation of the neural tube in ontogeny is represented in the 
adult by the recessus neuroporicus and that it constitutes the most anterior 
point of the brain in all Chordata. Of this Fanny Fuchs (1907-8) has said: 


Dieser Zusammenhang (of brain and ectoderm)...kann bleiben erhalten 
langer an irgend einer Stelle. Der Prozess der Ablésung des Hirns vom Ekto- 
derm geht wohl etwa von der Mitte des Gehirns aus und schreitet von da nach 
vorn und hinten fort, so dass schliesslich irgendwo in der Nahe des vorderen 
Hirnendes dieser letzte Zusammenhang bestehen bleibt. Ebensowenig aber, 
wie die Stelle genau zu fixieren ist, wo die Ablésung beginnt, ist auch die, wo 
sie aufh6rt, als fester Punkt zu betrachten, der im allen Hirnen an der gleichen 
Stelle liegt. Offenbar wird diese Stelle wesentlich durch die Formbildung des 
Hirns bestimmt; sie wird immer da liegen, wo die geringsten Verainderungen 
durch Wachstum vor sich gegangen sind. 

Daraus geht schon hervor, dass der Neuroporus nie an der stark wachsenden 
Vorderseite des Hirns (lamina terminalis), sondern héchstens an ihrem obern 
Rande liegen kann. Dort wird er auch sehr haufig angetroffen, wie ein Blick 
auf v. Kupffer’s Medianschnitte zeigt (Selachier, Ganoiden). Bei den Anuren 
aber liegt er viel weiter hinten, etwas vor der vorderen Grenze des Mittelhirns. 

Aus dem Gesagten geht wohl zur Geniige hervor, dass die Stelle, wo der 
Neuroporus liegt, wechselt und dass sie niemals an der Vorderseite des Gehirns, 
sondern immer an seiner Oberseite liegt. 


That this important statement of Fuchs is not captious but well-grounded 
has been amply shown by the still more recent embryological researches of 
Schulte and Tilney (1915). In a careful study of successive stages of develop- 
ment in the domestic cat these authors found that: 


the neural folds first meet in the region of the future mesencephalon but the 
closure is not simply progressive from this point in both directions. On the 
contrary it is incident simultaneously at several points which may be rather 
widely separated. In the eight-somite embryo, in addition to the closure of 
the mid-brain, which extends from the optic anlage to the quintal ganglion, 
there is a second closure between the quintal and acoustico-facial anlages; and 
again, after an interval at a third point the folds seem on the verge of meeting. 
There is also some fusion cephalad at the ventral margin of the neuropore. 
This is of some theoretical importance and diminishes the significance of the 
neuropore as a morphologic landmark. 


The discussion of this point by these authors is worth quoting in extenso. 


To accept the last point of attachment of the ectoderm marked by the re- 
cessus neuroporicus as the extremity of the axis, implies that the raphe below 
this point is a suture between the basal plates;...further it would seem the 
necessary consequence of the acceptance of this landmark (recessus neuropori- 
cus) that the mammillary and infundibular regions and the ventral half of the 
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optic vesicles themselves were derived from the basal laminae. To accept the 
recessus neuroporicus as the ontogenetic pole of the brain seems, therefore, 
to disregard the ventral deflection of the neuraxis and the composition of the 
wall of basal and alar plates. 





It is clear, then, that every single one of the postulates of von Kupffer 
has proved decidedly unsatisfactory and that the neuropore, which changes 
and has no homologies of the type suggested cannot be regarded seriously 
as a morphological landmark. The vast amount of detailed comparative 
embryological research which they have elicited has failed entirely to ratify 
his original conceptions. 


Optic chiasma. 

It should be called to mind, in the first place, that the traditional arrange- 
ment of the olfactory nerve, as the first, and the optic nerve, as the second 
cranial nerve respectively has not always remained uncontested. Thus, 
Mrs Susanna Phelps Gage (1905), assuming the infundibulum to be the anterior 
end of the neural tube, insisted that the position of the chiasma denoted that 
the eyes were the first pair of the segmented organs unless the infundibular 
organs of Boeke (1901-2) precede them in the series. In this respect Mrs Gage 
has not been alone, for van Wijhe (1882) suggested “Da der Olfactorius vor 
der Entstehungsstelle des Opticus auftritt, ist er zwar scheinbar der vorderste, 
in Wirklichkeit aber der zweite (nicht segmentale) Kopfnerv”’; and again he 
states, ““Der Opticus ist morphogenetisch der vorderste Hirnnerv, der Ol- 
factorius der zweite.” With this conception Hatschek (1909) concurs and so, 
logically, should all who, like Keibel (1889), Johnston (1909) and Kingsbury 
(1920-21) believe that the optic chiasma is the true anterior end of the neural 
tube. Sedgwick certainly upheld this view (Encyclopaedia Britannica) as 
recently as 1911. 

The complete discussion of the evidence against such a reversal of the age- 
honoured sequence of cranial nerves would lead us far from the central issues 
of this thesis, but several comparative anatomical facts make its acceptance 
impossible. In the first place, the optic chiasma cannot be used as a fixed 
morphological landmark since, like the neuropore, it is in ‘“‘no way constant” 
and is sometimes situated entirely anterior to the corpora striata. As Victor 
Franz (1912) has stated, “Mit Kappers und friihern Autoren mache ich noch 
darauf Aufmerksam, dass das Chiasma nervorum opticum keineswegs konstant 
an einer und derselben Stelle liegt, sondern bei manchen Arten (Gadus) sogar 
bis oral von den Lobi anteriores verschoben ist.” 

It is impossible to regard any structure which has this degree of variability 
as a point of morphological value. In the second place attention must be drawn 
to the discovery which Nils Holmgren (1918) has made recently in certain bony 
fishes and which he calls “ein Kuriosum.” That it is no mere curiosity of 
spasmodic occurrence is shown by its repetition in Osmerus, Cottus, Perca, ete. 
(cf. Nils Holmgren, 1902), This ‘‘ Kuriosum” is the fact that the nervus ter- 
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minalis and the nervus olfactorius utilise the optic tract as portion of their sensorial 
distribution through the medium of the so-called terminalis-opticus and olfacto- 
opticus tracts. These tracts, according to Holmgren, form an appreciable part 
of the so-called “efferent” fibres of the optic tract. 

Many years ago Edinger pointed out that the so-called “olfactory field” 
and the thalamencephalon is “completely covered laterally through the great 
fibre system of the optic tract” and it has been generally recognised (e.g. Judson 
Herrick, 1908) that ‘“‘functionally and genetically, the retinae, optic nerves, 
chiasma and tracts and the optic thalamus (sensw stricto) should be associated 
with the optic tectum of the mid-brain to form an ophthalmencephalon whose 
boundaries cross freely those of the classic encephalic regions.” Indeed, so 
clearly is this embracing relationship of the optic tract to the prosencephalon 
recognised nowadays that Kappers has insisted on terming the habenular 
commissure—which is the most posteriorly situated structure of this “embraced” 
area—‘‘ telencephalic.” 

This placing of a large portion of the telencephalon posterior to the chiasma 
and the embracing relationship of the ophthalmencephalon to the telencephalon 
form one of the most intricate puzzles in neurology. But the facts, viz. the 
embracing relationship of the ophthalmencephalon (Edinger, Herrick) and 
the variable position of the chiasma in certain fishes (Franz, Kappers and 
others), the absence of any decussation whatever in lowly forms like Myxine 
(Harris and Parsons) are only to be explained by the assumption that the optic 
tract, in the higher Vertebrata, has actually undergone much shifting from the 
primitive situation of its constituent elements; and further, that the extent of 
this shifting and the degree of chiasmatic formation itself has been very variable 
in different Vertebrata, particularly amongst Fishes. 

The external situation of the eyes themselves is capable of extensive 
migration, in ontogeny, in fish of certain families (e.g. sole and plaice). Such 
migrations of the peripheral optic apparatus, in ontogeny, prepare us to expect 
that extensive and very varied modifications of the central or receptive appa- 
ratus were attempted before the successful chiasmatic solution was achieved. 
The optic chiasma was not “created.” 

The researches of Holmgren, which have revealed hitherto unrecognised 
components of the optic tract, indicate the probable lines along which the 
modifications in structure proceeded to give rise finally to the optic chiasma. 
Presumably the original sensorium for the sense of sight was simply restricted 
to a segment of the neural tube lying posterior to the olfactory (and terminal) 
segment. Its original site may be most reasonably regarded as that now 
occupied by the tectum opticum. Forward growth of a portion of the optic 
sensorium (i.e. of the optic tract itself) in phylogeny would entail to external 
appearance the embracing of the olfactory field by the ophthalmencephalon, 
and in actual fact, the involvement of the optic sensorium (optic tract) with 
the sensorium of the olfactory (and terminal) nerve (tractus terminalis-opticus 
and tractus olfacto-opticus). The involvement of the optic tract with this 
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primitive sensorium, now so intimate as to be apparently inextricable, can 
be rationally explained by this conception of a forward migration in phylogeny 
not only of the eyes but also of their sensoria. 

The forward migration of the optic sensoria to form the optic chiasma did 
not occur in such a way that the ophthalmencephalon embraced the whole 
vertical height of the neural tube, but in such a way that the ophthalmencephalon 
became incorporated with the olfactory (and terminal) sensorial tissue (alar 
lamina of His) which primitively lay anterior to (not vertical to) it. Thus, 
whatever be our criterion of the anterior end of the neural tube, the caeno- 
genetic and migrating optic chiasma is a will-o’-the-wisp the pursuit of which 
will merely serve to entangle neurologists in a mental morass just as long as 
embryology remains unchecked by the findings of comparative anatomy. 

Considerations of the distribution of the histological architecture of their 
respective sensoria teach us therefore that the optic nerve is morphologically 
posterior to the olfactory nerve, and that the olfactory nerves precede the 
optic nerves in the segmental series suggested by Mrs Gage. It should not be 
surprising either, that the involved series of changes which has obviously 
taken place in this difficult region to produce the optic chiasma should have 
been productive of a developmental picture (repli cerebral transverse of Brachet) 
which has too frequently defied the interpretations of embryologists who fail 
to take account of the same facts of comparative anatomy and neurology. 

The chiasma is caenogenetic and the olfactory (and terminal) apparatus 
lies more anteriorly. So the olfactory apparatus must be the most anterior 
of all chordate sense organs unless Boeke (1913) is correct in believing that 
the ancestral vertebrate had paired infundibular organs such as certain larval 
fishes ordinarily possess. Relying upon Boeke’s evidence, Mrs Gage (1905) 
has already suggested that the infundibular organs are the first in the segmental 
series of sensory mechanisms in Chordata. This line of evidence, therefore, if 
valid, corroborates the ancient conclusion of von Baer (and the identical one 
of Keith, Frazer, and many others) that the infundibular region is the most 
anterior and most fixed portion of the neural tube. 

Certain other investigators have attempted to provide evidence towards 
a solution of this problem of the anterior end of the neural tube by a histo- 
logical testing of the hypothetical brain morphology advanced by His. His 
interpreted the facts elucidated by von Baer as demonstrating an early 
subdivision of the neural tube into motor (basal) and sensory (alar) laminae. 
Consequently these observers have examined the anterior parts of the neural 
tube histologically to find the anterior termination of this ventral lamina (or 
column). 

Tretjakoff (1909), by examination of the brain of Ammocoetes, showed 
that in front of the infundibulum there does not exist a single primary “‘ effector” 
element in the neural tube; in short, that the whole of this region, topo- 
graphically anterior to the infundibulum in the adult, is entirely set apart 
for “receptor” and “association” functions. In his later work, Tretjakoff 
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(1918) pointed out further that the researches of Boeke, Kappers, Dammerman 
and others bore out his own contentions that the infundibulum itself was a 
receptor mechanism and so reinforced his central argument that the whole of 
the region anterior to it in the adult was “alar” in type, and therefore was 
morphologically posterior to the infundibulum (on His’s own hypothesis). 

But the subsequent investigation of mammalian forms by Malone (1910 
and 1914) has clinched this type of evidence concerning this region for all 
vertebrates by showing that even in such advanced forms “the basal optic 
ganglion, the nuclei tuberis lateralis, nucleus paraventricularis and the nucleus 
tubero-mammillaris are composed of cells whose histological character 
indicates that they are not efferent, but are concerned in receiving and corre- 
lating incoming impulses; these cells do not possess the relatively large, diverse 
Nissl bodies characteristic of efferent cells.” 

It needs no detailed logic to demonstrate that this “laminar” criterion of 
His, and those who follow him, is entirely contradictory of his previous criterion 
of the “raphe” as the anterior limit. If this sensory-motor subdivision of the 
neural tube, adopted by His, were regarded as the criterion for determining 
the point in question not only the neuropore but the optic chiasma, the whole 
“raphe,” and even the infundibulum itself are worthless as anterior landmarks. 
To accept the His doctrine in its entirety is impossible—either his “raphe” 
or his “laminae” must succumb. 

These facts have been brought out to some extent in the recent contribution 
to the question by Kingsbury (loc. cit.), who has given us an original inter- 
pretation of the His morphology. Still, there is no reason why our morpho- 
logical views should be handicapped in any way by the “laminar” conception 
attributed to His. It has value as a generalisation, through the pioneering 
work of Bell and Waller, but should not be conceived any longer in the sense 
originally intended by His. 

Moreover, in collaboration with Dr Shellshear, I have recently put forward 
the conception (1920-21) that the motor neuroblasts are developed extra- 
neurally, i.e, outside the neural tube, and are subsequently incorporated within 
it during ontogeny. If this conception is correct—and a very large body of 
facts supports it—the so-called motor or basal lamina of the neural tube only 
achieves that significance secondarily. The neural tube is primarily merely 
a coordinating mechanism composed of intercalated elements. To find the 
infundibulum composed of these elements does not destroy its title to being 
the anterior end upon our hypothesis; it would destroy that title upon the 
hypothesis of His. But quite apart from this discussion the motor “column” 
of nuclei has long been recognised as a segmentally repeated succession of 
cell-groups—groups which are widely separated particularly in the intra- 
cranial part of the neural tube. They form no true column at all and do not 
end at any well-defined morphological point. This quasi-‘‘column,” since it 
lacks continuity, can scarcely be used as defining the true anterior end of the 
neural tube, 
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Although the motor “column” has no importance in deciding the question 
positively, it does have great significance in supplying certain negative infor- 
mation, namely, that the anterior end of the neural tube, wherever it lies, is 
certainly not behind any motor cell group in the tube. Kingsbury (loc. cit.) 
has recently put forward the suggestion that the anterior end of the floor-plate 
of His lies a great distance posteriorly to the infundibulum and posteriorly to 
the oculo-motor nucleus, Creditable as is any attempt to introduce accord 
where so much discord has been apparent the suggestion advanced by Kings- 
bury is entirely retrograde. It is impossible to regard a point located at the 
junction of the meseucephalon with the metencephalon as the anterior end of 
the neural tube. 

If, however, we retain the division of the neural tube which von Baer 
first suggested (and His later adopted) and appreciate that the “‘sensory- 
motor” lamination has no morphological significance (save the indirect one 
above referred to) it is possible, for argument’s sake, to let the sulcus terminalis 
end in the infundibular recess (where von Baer regarded it as ending) and not 
in the optic recess (where Johnston and others would have it end), nor in any 
other later out-pouching of the neural tube, such as the cerebral vesicle itself 
(where one might just as reasonably regard it as ending). 

If we retain this subdivision of the tube and this termination of the sulcus 
terminalis, then the “raphe” of His would meet the ventral laminae and the 
floor-plate of His in the infundibular recess; the infundibular recess would be 
recognised for the true anterior end of the neural tube and the whole district 
of the “raphe” from infundibulum to neuropore would be recognised for the 
roof which von Baer, Hatschek, Tretjakoff, Malone, and so many others have 
recognised it to be. 

CONCLUSIONS. 

Most of the discord revealed by a study of the literature of the last two 
decades is due to the fact that the question of the anterior end of the neural 
tube has been approached without regard to that other most significant issue— 
the anterior end of the body. Consequently the selection of the point in question 
has been arbitrary in practically every case, while collectively the results 
obtained have been highly conflicting. 

The internal evidence reveals the fallacy of accepting any of the criteria 
hitherto suggested. The neuropore has been found to be incapable of true 
demonstration or homologisation. The optic chiasma, as a landmark, rests on 
equally unsatisfactory foundations. The “‘laminar” conception has not ratified 
any point hitherto taken and, in the nature of things, is incapable of doing so. 

If we go back to first principles we will recognise that the segmented neural 
tube is only as old as the segmented skeletal and muscular systems. These 
phylogenetically coincident mechanisms are distinctive of the Chordata—their 
most obtrusive characteristic. There is but one single point—the only point 
not in conflict with the evidence of comparative neurology and ontogeny, 
and corroborated by teratology and osteology—which lies morphologically 
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at the anterior end of all of these segmented systems. Lying morphologically 
posterior to the oral membrane (the anterior end of the body), this site is 
simultaneously the anterior end of the axial mesoderm and of the neural tube. 
It is the infundibular point. 

It is from this fixed point that the brain, when it became expanded, was 
prolonged forwards and so caused its already fused roof to face ventrally. 
Thus the district lying between the infundibulum and the lamina terminalis 
(including the chiasma) faces ventrally in most vertebrata, But this ventral 
“facing” of structures originally dorsal is no novelty in cerebral morphology. 
We do not hesitate to regard the cerebrum or cerebellum as expansions of the 
alar (sensory) folds, when considerable areas thereof are exposed ventrally. 

It is from behind this same fixed point that the mesodermal rudiments of 
striated muscles have slipped laterally and have been thrust forwards to give 
rise to the eye musculature, jaw musculature, etc., and it is from ectoderm 
lying morphologically posterior to the oral membrane (and because of their 
juxtaposition posterior to the infundibular point) that “‘mesoderm” has been 
derived, which sank under the ectoderm, and provided on the one hand en- 
capsulations for various specified areas of the expanding neural tube and the 
sense organs connected with it, and on the other hand, sites of attachment for 
the already mentioned musculature. Hence the trabeculae, the cartilages of 
the sense organs of the skull and the branchial arches (however far forwards 
or ventrally they may become displaced) have arisen from tissue entirely 
posterior to the oral membrane and posterior to the infundibular point. 

Many arguments might be urged in demonstration of this statement but, 
after all, they are all implicit, in some form or other, in the embryological and 
anatomical data which we have already considered, and further discussion 
would merely serve to swell unnecessarily the size of the present article. I shall 
merely state, in conclusion, that I do not know of a single new fact or observa- 
tion amongst those which I have here brought forward, nor have I attempted 
to bolster up my argument with a single new picture or diagram. On the con- 
trary, it has been my object to utilise as widely as was convenient, within the 
limits of a brief article, the most diverse discoveries of a long series of dis- 
tinguished observers, whose statements are the more compelling because they 
have no prejudice; reckoning it a happy and worthy service if it should fall to 
my lot merely to show that these diverse discoveries, in so many spheres of 
investigation, were pertinent to the difficult problem in hand and afforded 
simultaneously the same answer. 
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ON THE HAIR SLOPE IN THE FRONTAL REGION 
OF MAN 


By L. BOLK, M.D. 
Professor of Anatomy, University of Amsterdam. 


In the following paper I intend to deal with the results of an investigation 
upon the direction of the hair in a circumscribed region of the skin, viz. the 
forehead. Some observations on this phenomenon, made casually in the 
course of a methodical research on the development of the human face, 
convinced me not only of the incompleteness, but also of the inaccuracy of 
previous descriptions. 

This conviction induced me to extend our knowledge on this subject and 
I therefore examined the hair slope in the frontal region of a large number 
of human embryos. This investigation was very instructive. There is surely 
no other region of the human skin with so great a variability of the hair 
streams as the frontal region. The cause of this seems to be clearly due to the 
increase of the surface in this region during the earliest phase of anthropo- 
genesis. The conditions of development in this area seem not yet to have 
acquired a definite stability. One observes on this part of the skin, a very 
intense struggle for predominance between the hair streams, and hence the 
conditions vary considerably. I cannot at all agree with the statement of 
Kidd: “‘that the hair slopes at an acute angle with the plane of the surface, 
and always in a definite direction which is constant for each region.” The 
hair streams on the human forehead behave so whimsically that it is impossible 
to designate a given condition as representing the normal state; at best a 
certain one appears to predominate. Now it is very remarkable, that in the 
literature on the subject, I could not find a description which agreed with the 
condition which I found to be the commonest. 

The first somewhat concise description of the hair streams on man is 
given by Eschricht, according to whom the various directions of the hairs 
depend upon the distribution of the vascular system. This description was 
followed by Voigt’s essay, in which the subject was treated more thoroughly. 
According to this author the hair slope is dependent on the course, which 
the enlargement of the body takes in early stages of development. The change 
from the perpendicular to the sloping direction of the hair germs is produced 
by the stretching of the skin. Though this author gives a very elaborate de- 
scription, it is clear that his conception of the hair stream system is too 
schematic. The whole surface of the body is divided into a number of regions 
and within each region there is one whorl from which a stream radiates. 
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These diverging whorls are according to Voigt the essential elements of the 
hairy covering. Converging spirals, crosses, crests, boundary lines between 
adjacent regions, etc., are all secondary phenomena. The extent of the 
regions is very varied and the course of the boundary lines therefore very 
complicated. 

So the structure of the whole system is reduced by Voigt to some few 
divergent whorls, viz. the occipital whorl, the bilateral facial whorl (near the 
median corner of the eye), ear whorl, armpit whorl and the groin whorl. It 
is undeniable that the above-mentioned spirals are characteristic features of 
the hairy covering of man, but it was an erroneous view Voigt took when he 
considered them as the essential features of this covering. 

The incompleteness of the descriptions given by this author has already 
been pointed out by Schwalbe in his elaborate investigation on the hair stream 
system in Primates. This author also declares Voigt’s standpoint to be in- 
correct and is more inclined to agree with the views expressed by Thompson}, 
who supposes that the directions of the hairs are determined by the necessity 
of offering the least possible resistance to the air, grass and other obstacles 
while the animal is in motion. 

In one of his studies on the hair slope Kidd? asserts that the characters 
of the hair slope are due to certain habits and surroundings of animals and 
that thus they are the result of Lamarckian factors, for the sloping direction 
of the hairs is due to the constant slight pressure to which the hairs are 
subjected before birth, and even more so, in after-life. 

The author has applied these ideas to the region which is the subject of 
the present paper, in the following way. “In the frontal region,” he says, “‘a 
slope of hair is found which results from a coalescence of the streams belonging 
to the scalp and interorbital region. Over the frontal region the stream passes 
to each side in a curving direction to the temporal regions. Towards the 
orbits it is lost in the eyebrows, and towards the scalp it passes in a curve 
parallel to the median plane to the edge of the scalp. Towards the frontal 
eminences the direction has changed so as to point to the temporal region. 
The only peculiarity in this region is the direct opposition between the stream 
from the forehead to the scalp, and that from the scalp to the forehead.” 

After this description which, in general, is accurate, the author continues: 
“It would seem that the action through many generations of methods of 
dressing hair, afford the traction necessary to produce this peculiarity.” 

These quotations make it clear that the aetiological factors for the hair 
slope are considered by Kidd as being purely mechanical, viz. pressure and 
traction. Now the great variability in the hair slope on the human forehead 
is a sufficient indication that mechanical influences cannot be the real factors 
determining the directions of the hairs. There must be other factors more 
physiological in character. 


1 Art. “Anatomy of Animals.” 1895. 
2 “Notes on the Hair slope in Man.” Journ. of Anat. and Physiol. vol. xxxv, 1900. 
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A complete survey of this anatomical phenomenon can only be obtained 
by investigating a large number of human foetuses in a particular phase of 
development. Friedenthal’s statement, that the investigation of the hair 
streams in man should preferably be carried out upon foetuses in the eighth 
month of development, is undoubtedly an inaccurate one. I have found that 
an exact determination of the hair slope in the frontal region of human foetuses 
is only possible in specimens of 12 to 20 centimetres from vertex to coccyx. 
In older specimens the hairs on the forehead have grown too long, and the 
sebaceous matter between them renders the determination of their real slope 
difficult and inaccurate. I examined sixty foetuses of the above-mentioned 
length and this large number enabled me to obtain a somewhat complete 
survey of the variability in this region. 

Before communicating the results of my investigation I will give the 
following summary of Voigt’s description of the hairy covering on the frontal 
region of the human foetus. The stream of the vertex whorl, which is turned 
forward, forming a median and two lateral frontal streams on the forehead, 
meets the ascending facial streams at the level of the eyebrows. At the point 
corresponding to the Foramen supraorbitale the latter streams, running in an 
opposite direction from the eyebrow, cross. Between both crosses the ascending 
internal eyebrow stream meets the descending median frontal stream, forming 
a convergent whorl on the median plane, between the eyebrows: the so-called 
frontal whorl. Thus the region between the eyebrows should be characterized 
by two crosses near the eyebrows and by the whorl. 

It is very remarkable that Voigt describes as normal a condition whose 
occurrence I doubted for some time, until at length I observed it in the foetus 
of a Javanese woman. This, however, was the only specimen out of the sixty 
I investigated which was in accordance with Voigt’s description. Obviously 
the hair pattern is rarely so simple and symmetrical as this description 
suggests. It is curious that Voigt’s attention has not been drawn to the fact 
that asymmetry is the rule and the symmetrical condition an exception. 

It is necessary to lay stress upon this fact, because asymmetry, though 
the rule in the hair stream pattern of man, is absent in monkeys and even 
in apes. It seems, therefore, to be a typical human characteristic. Now as 
the direction of the hair streams in man is, in most cases, quite different from 
that in apes, a few remarks concerning the ape may be made. 

A very elaborate investigation on the hair slope in apes has been carried 
out by Schwalbe who also makes some remarks with regard to the human 
system. These are of a provisional character, the author intending to deal 
with the results of his research on the human hair slope in a special publication. 
The realization of this intention, however, was prevented by his death. Yet, 
though Schwalbe’s remarks are of a provisory nature, they are not without 
interest to us, as the author gives an hypothesis as to the manner in which 
the hair pattern on the calvarium of apes is transformed into that of man. 
This hypothesis is apparently founded on an insufficient number of observa- 
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tions, and it will become clear in the course of the present paper that Schwalbe’s 
views are erroneous. 

As a fundamental difference between man and ape, Schwalbe mentions 
the fact that on the forehead of man the hairs are directed forwards, in apes 
on the contrary, backwards. In general this remark is correct, but the author’s 
opinion on the manner in which this change of direction was brought about 
is surely wrong. His view of the subject is illustrated by the following figures. 
Fig. 1, representing the scalp of Macacus cymmolgus, shows how in this monkey 
an ascending stream, which I will distinguish as the “facial stream,” begins at 
the orbital ridges, the hairs on it having a backward direction. This stream 
is symmetrically divided by a parting extending from the root of the nose 
to the vertex. Now it is Schwalbe’s opinion that, with regard to this parting, 
the hairs first turned in a more transverse direction (fig. 2a), as is actually the 
case in Siamang and after this turned forwards, while at the end of the parting, 
in the vertex, there arose a diverging whorl (fig. 2b). 





Occ. Occ. 
Macacus Hylobates Homo 
Fig. 1. Fig. 2a. Fig. 2b. 


This way of representing the transformation of the pithecoid condition into 
that of manis certainly very simple, but observations made by the author himself 
should have aroused a strong doubt as to the correctness of his hypothesis. 
For among his descriptions there is one of a Macacus, in which a diverging 
whorl was present on the vertex, while the hairs were not turned forwards 
at all, but backwards in the normal way. In Macacus therefore, a vertex whorl 
can coincide with an ascending hair stream extending from the orbital ridges 
to the neck. Such a condition, in which the whorl is situated in the middle 
of an ascending stream, is not in accordance with Schwalbe’s hypothesis. 

I wish to lay special stress upon the above-mentioned observation of 
Schwalbe’s because it demonstrates that the vertex whorl ought to be con- 
sidered as a new element in the hair stream pattern of the head. If we take 
this fact into consideration it is easy to understand the fundamental plan 
of the hair pattern on the frontal region of man, and its more frequent varia- 
tions. 

In order to give a methodical description it is necessary to group the 
various conditions I have observed. 
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As already mentioned, the normal condition in apes is a symmetrical one, 
whereas in man such a condition is not the rule, as I found it in fifteen cases only ; 
so that as a general rule the hair pattern on the human forehead is irregular. 
This, however, is a characteristic man acquired in the earliest phase of his 
evolution, and as the symmetrical condition is the original one, this must be 
the starting point of our exposition. 

By way of introduction the hair pattern on the forehead and face of a 
young Gorilla has been drawn in fig. 8. Here the condition is still purely 
symmetrical. The forehead is covered by a left and right hair stream, diverging 
from a parting in the median line which extends from the root of the nose 
to the vertex. 

In the lower part of the forehead, which in the foetus of Gorilla is markedly 
projecting, there is a horizontal hair slope, which gradually forms a more 
acute angle with the parting, the hairs taking a more sagittal direction, so 
that on the vertex and in the occipital region there is only one hair stream in 
which the hairs are directed parallel to the median line, 


This condition, peculiar to the Gorilla and the other Anthropoids, I did 
not meet with in a human foetus excepting in two specimens where there 
was a hair pattern partly conformable to it; this appears to me to be the 
most primitive state occurring in man (see fig. 4). In these two foetuses there 
is a hair stream beginning in the interorbital region and covering the whole 
forehead and face. It is identical with the “facial stream” in apes. Its bilateral 
radiating point lies near the median corner of the eye. From this starting 
point a part of the stream bends downwards, covering the nose (nasal portion) 
and the cheek (buccal portion). The principal part of the facial stream however 
ascends and covers the whole forehead. As in the Gorilla, this stream is 
symmetrically divided by a parting into a left and a right half. The direction 
of the hairs is not straight but curved with a wide bend pointing to the 
temporal region. 

Between the descending (nasal) part of the facial stream and the ascending 
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portion, a crest appears in the median line at the root of the nose which is 
one of the most constant formations in the human hair pattern. We will 
distinguish this as the “nasal crest.” 

In the upper part of the forehead the facial stream meets with a second 
stream, issuing from the vertex whorl, in which the hairs are turned forward. 
This will be called the “‘bregmatic” stream. In the specimen represented in 
fig. 4 it was symmetrical, but without parting, the hair slope being nearly 
parallel to the median line. 

The boundary line between the facial and the bregmatic stream almost 
coincides with the frontal edge of the hairy covering of the scalp. In the middle 
of the line of convergence between both streams a second crest is formed 
which will in future be mentioned as the “frontal crest.” 

After the description of this most primitive state occurring in man a 
question may be put as to the relation between this condition and the one 
found in Gorilla, As already remarked Schwalbe’s idea is very suggestive 
through its simplicity, but it is not in accord with the facts. I think the 
starting point for the comprehension of the human condition must be the 
fact observed and described by Schwalbe, that in Macacus there is a vertex 
whorl in the centre of a facial stream, extending from the eyebrows to the 
neck, This vertex whorl I consider as the beginning of the bregma stream in 
man, in whom it has considerably enlarged, as a result of the increasing surface 
of the head. Moreover this new element in the hair pattern has driven back 
the facial stream, so that the boundary line between both streams coincides 
with the anterior border of the hairy scalp. 

Thus, the hair pattern on the human forehead and scalp may be regarded 
as the result of a struggle between a new element and a primitive one, the 
former being the stronger. The fact that this new stream originates in the 
median line of the head is perhaps an indication that the expansion of the 
skin of the head during human evolution took place along the median line. 

That the idea of a struggle between two elements is not a metaphor but 
a reality is shown by a group of varia- 
tions in which the hair pattern is also 
symmetrical, but in which the bregma 
stream gradually enlarges its territory 
across the forehead, driving back the 
facial stream. The successive phases of 
this process are demonstrated by the 
differences in topography of the frontal {; 
crest, and by the boundary line between | 
both streams. 

In fig. 5 the condition is drawn in 
which the bregma stream extends its 
territory down over the whole forehead, the frontal crest being now situated 
somewhat above the glabella. In this specimen the facial stream is pushed 
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back almost to its extreme limits. I have not met with a specimen in which 
the bregma stream invaded the region beneath the eyebrows. When the 
frontal crest is situated just between the eyebrows the boundary line between 
both streams passes through the eyebrows. This condition I found in one 
specimen only; both eyebrows showed a fine feathered structure, the upper 
hairs converging at an acute angle with the lower ones. 

The successive enlargement of the territory of the bregma stream, with 
maintenance of the symmetrical condition, I found in twelve of the sixty 
foetuses I examined. 

I have laid stress upon the fact that the bregma stream as a new element 
in the human hair pattern, started in the median line, for from this fact I 
conclude that the expansion of the scalp during man’s evolution started 
from this line, and this conclusion is corroborated by the following phe- 
nomenon. In most cases the boundary line between the bregma and facial 
streams is not a straight line, but a curved one, as the median part of the 





Fig. 6. 


bregma stream is pushed farther forward than the lateral portions. Fig. 6 
shows how the bregma stream penetrates, like a wedge, into the facial stream. 

The next stage of development of the hair pattern in man’s frontal region 
is represented in fig. 7. The condition sketched here is regarded by Voigt as 
the normal one in the human forehead. The inaccuracy of this view is sufficiently 
shown by the fact that I only observed this condition once, in the foetus of 
a Javanese woman. Up till then I was in doubt whether the condition described 
by Voigt was not hypothetical, arising from the author’s endeavour to reduce 
the human hair pattern to the simplest form. The condition drawn in fig. 7 
is of importance as a proof of the actual existence of the condition Voigt 
describes as being normal. Its chief significance, however, lies in the fact 
that it is the key to the comprehension of the remaining variations of the hair 
pattern on the human forehead which are all characterized by their asymmetry. 
The condition sketched in fig. 7 is still closely symmetrical, and resembles 
that in fig. 5. In both cases the bregma stream has extended to the 
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region between the eyebrows, thus forcing back the facial stream. But if 
attention is paid to the frontal crest, one will at once be struck by the difference 
between both conditions. For in the individual from which fig. 5 was drawn, 
this crest lies in the median line, and to the right and left of this the bregma 
and facial streams meet at a sharp angle. In the specimen shown in fig. 7, 
however, the median frontal crest is lacking, and instead of this one finds at 
the median end of each eyebrow a triangular formation; the diamond-shaped 
frontal crest has, as it were, been divided into two halves. 

Between the two eyebrows ascending perpendicular lines of the facial 
stream meet the descending lines of the bregma stream, thus forming a line 
of junction running transversely and connecting both eyebrow triangles. 

The lateral portions of the right and left bregma stream of the individual 
drawn in fig. 7 take a direction as in fig. 5, and in the outer side of the eyebrow 
triangles the hair lines of this stream strike the lateral portions of the facial 
stream at a sharp angle. In this way a line of convergence is formed running 
through the eyebrows and giving them a handsome, feathered appearance. 

It is not difficult to deduce the condition sketched in fig. 7 from fig. 5. 
The first is more complicated because a new element has been added to the 
hair pattern, or, more rightly speaking, two new elements. 

Firstly, the median portion of the bregma stream has developed into an 
independent element, which is characterized by the fact that the hair lines 
do not curve outwards but continue in a downward direction as far as the 
eyebrow level. In order to facilitate the description of the remaining types, 
I will distinguish this stream as the “upper intermediate stream.” 

A second complication has arisen through a differentiation of the facial 
stream. Here also the median portion has acquired a certain degree of inde- 
pendence, for while in fig. 5 all the hair lines in this stream are curved in a 
lateral direction, this is not the case in fig. 7. Between the eyes the hair lines 
of the right and left facial streams converge and form a median vertical line 
of convergence at the root of the nose; after this they bend straight upwards 
and form a transverse convergent line with the upper intermediate stream, 
only curving laterally in that portion of the facial stream situated between the 
upper eyelid and the eyebrows. 

This median portion of the facial stream, which has thus become more or 
less independent, will in future be distinguished as the “lower intermediate 
stream.” 

The complication which has arisen in the hair stream pattern fits logically 
in the scheme of development we suggested when searching for the manner 
in which the simple symmetrical type of human hair stream might have 
developed from the lower Primates. For then we summed up the evidence 
for the supposition that the changes which led to the development of the 
human type took place in the median plane. It was in the median plane that 
the vertex whorl first appeared thus giving rise to the bregma stream; the 
conquest of the facial stream by the bregma stream is always pushed farthest 
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in the median line, and now it appears that the median portions of both 
streams can emancipate themselves from the mother stream and can form 
more or less independent streams. 

The large number of specimens I examined has made it possible for me 
to follow the gradual transformation of the pithecoid to the human condition. 
For among this large collection I found a sufficient number of symmetrical 
conditions (viz. 15 out of 60) to become thoroughly acquainted with the 
curious process of supersession, by which a primitive stream gradually loses 
ground in favour of a newly arisen stream. 

With limited material this general insight could not have been obtained, 
as in most individuals asymmetrical hair patterns are found with great variety 
of structure, and, as we have remarked already, these can only be interpreted 
by a study of the complicated symmetrical type drawn in fig. 7. 

The conditions hitherto described have surely sufficiently proved that 
Schwalbe’s view of the manner in which the human frontal hair pattern was 
formed from the pithecoid form, is entirely incorrect. A simple change of the 
hair slope in an existing stream, as supposed by this author, has never taken 
place. The original stream has been superseded by a new one, with a contrary 
slope. 

I have thought a great deal about the possible cause of this process of 
supersession, this reversal of the hair slope, but without success, 

One can, of course, think of the changes which the scalp would undergo 
as a result of the expansion of the skull. But then one must not lose sight of 
the fact that the scalp of Gorilla and Chimpanzee have considerably increased 
in surface in comparison with the lower Primates, while both these apes have 
retained a hair pattern such as is found in the latter creatures. 

The solution of this problem becomes more difficult when we take into 
consideration the fact that the human forehead has never possessed a per- 
manent hairy covering; here we have to do with processes which are limited 
to the temporary foetal hairy covering, at any rate for the greater part. 

One could, moreover, consider the influence of the exceptional projection 
of the human forehead during the phase of development in which the foetal 
hairy covering develops. But the forehead of the Gorilla and Chimpanzee 
also projects considerably in that stage of development in which the frontal 
skin becomes covered with hairs. The transformations in the external shape 
of the head, under the influence of the very considerable development of the 
skull, do not seem to have been of any importance here, nor do external 
factors, for the frontal portion of the hairy covering only had but a temporary 
intrauterine existence. 

And yet there must be causes which determine the hair pattern on the 
forehead in general, as also its variability; and one may say that this is 
brought about by directions of growth in the skin, but in this way one only 
shifts the difficulty, for the directions of growth must also be dependent on 
certain causes. 
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Finally, if one maintains that the structure of the frontal hair pattern is, 
in every case, only determined by casual circumstances, and as a proof of 
this assertion refers to the great variability, it is also evident that, if this is 
true, all variations must appear with equal frequency, at any rate in the 
asymmetrical conditions. This, however, is by no means the case. For in 
nearly the half of the individuals examined the same asymmetrical structure 
of the hair pattern appeared. 

This structure, represented in fig. 8, was encountered in twenty-five of 
the sixty cases examined, albeit with 
individual modifications and, as already 
remarked, the total number of asym- 
metrical structures amounted to forty- 
five. oS ne LENO 1 

The system represented in this figure eee er 
is very different from the symmetrical = < x 
structures described heretofore. Both PEPER NCEE 
the chief streams, the bregma and |) }” < se 
facial, are recognizable, and the asym- |"; — Ley 
metry is evident in the region of both. NE 
This asymmetry is caused by the fact 
that in the territory of the bregma 
stream as well as in that of the facial stream the boundary line between the 
right and left streams has been shifted to the left side of the forehead. In 
other words the hair lines or hair rows, 7.e. the ascending facial stream as 
well as the descending bregma stream which run across the right half of the 
forehead, begin chiefly to the left of the median line. One can also describe 
the condition in the following way, viz. that a portion of the left bregma and 
facial stream have joined the right one, so that one gets the impression that 
the right half of both streams has widened out at the cost of the left half. 

The result is that on the largest part of the forehead the hairs run more 
horizontally from left to right. Of the intermediate streams mentioned above, 
only the lower one is present and this curves entirely to the right side of the 
forehead. 

One of the most striking consequences of the asymmetry in the hair 
pattern is the difference in structure of both eyebrows. The right eyebrow 
lies in the midst of regular hair lines running laterally; the result is a structure 
much resembling a paint brush. But the left eyebrow coincides with the 
line of convergence between the left facial and bregma streams, which gives 
it a more feather-like appearance. 

To the median side of the left eyebrow lies the frontal crest, which in these 
cases is built up in a more or less evident manner out of two triangles, situated 
closely one above the other. 

As already remarked this type of hair stream is found, with certain indi- 
vidual peculiarities, in nearly the half of all human beings. From this it. 
15—2 
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seems very natural that in most individuals the direction of the hairs along 
the anterior edge of the hairy scalp is from left to right, and that in consequence 
the wearing of a parting on the left side of the head is in accordance with the 
most frequently occurring direction of the hair growth. 

The difference in structure of both eyebrows as a result of the asymmetry 
of the hair pattern is a phenomenon which one can still often detect in young 
individuals. At an older age, on the contrary, the difference disappears; the 
left eyebrow loses its feathery appearance and one gets the impression that 
both eyebrows are formed from the facial stream. 

Only once did I come across a condition which was in every respect the 
mirror image of fig. 8. This was in a Malayan foetus. 

In figs. 9 and 10 two conditions are depicted which can be regarded as 
variations of fig. 8. In fig. 9 the hair lines of the bregma stream run more 
perpendicularly, and it is only in the centre of the forehead that they bend to 


Fig. 9. Fig. 10. 


the right at a fairly sharp angle. In this manner loop-shaped hair lines are 
formed on the right-hand upper portion of the forehead. Otherwise the 
condition is the same as in fig. 8. In three cases I observed a similar pattern. 

More. interesting is the variation seen in fig. 10 as here a new element in 
the hair pattern is visible. The direction of the hairs on the forehead above 
the eyebrows entirely corresponds with fig. 8; we also see here the difference 
in structure of both eyebrows. The lower intermediate stream, however, 
_behaves very curiously. While in normal conditions the hair lines coming 
from the left cross the median line and push themselves in between the Jeft 
bregma and facial streams in the region above the right eyebrow, in fig. 10 
they form a converging whorl with the hair lines coming from the right, the 
point of convergence lying slightly medial to, and under, the right eyebrow. 
This variety I also observed in three cases. 

Higher up I already mentioned that I had only once observed the mirror 
image of the most prevalent condition, shown in fig. 8. A hair slope from 
right to left in the forehead can therefore be regarded as an exception. Twice, 
however, I came across a hair pattern in which this was partially the case. 
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These two, which can be regarded as rare cases, are drawn in figs. 11 and 12. 
Both have this in common, that the lower intermediate stream slopes from 
right to left, and above the left eyebrow joins the left bregma stream. In both 
cases the eyebrows have a brush-like structure. 

This variety in the direction of the lower intermediate stream is accom- 
panied by an extension of the left bregma stream across the right half of the 
forehead. In fig. 11 the hair lines in this stream slope straight downwards 
in a broad median band, only turning fairly sharply to the right and left just 
above the eyebrows. Some of the hair lines on the right half of the forehead, 
on the contrary, curve to the left, with the result that the frontal crest is 
situated at the median end of the right eyebrow. 

In fig. 12 the bregma stream shows the same type, except that the hair 
pattern is not so regular here, as the hairs are directed from left to right in 
the upper portion of the forehead. It is only in the region of the glabella that 





Fig. 11. Fig. 12. 


the left bregma stream crosses the median line, bending sharply to the left 
afterwards. Here also the frontal crest lies in the immediate neighbourhood 
of the right eyebrow. 

We can now proceed to the description of a group of variations which 
differ from those hitherto mentioned in the great irregularity of the hair 
pattern. 

The variations belonging to this group have one characteristic in common, 
viz. that in the hair pattern of the forehead a whorl has been formed, which 
I shall distinguish as the frontal whorl. This, however, is the only thing they 
have alike, for the presence of this whorl is accompanied by such excessive 
irregularity in the further structure of the hair pattern that I have not met 
with two individuals possessing the frontal whorl who had any other simi- 
larity of their hair pattern. This is evident from figs. 13 to 17, where five 
cases are depicted which possessed a frontal whorl. The great variability of 
the hair pattern in individuals with such a whorl is shown by the variation 
in both shape and situation of the whorl. 

The character of the whorl differs, for at one time one sees it converging, 
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that is to say, the hair lines run in a spiral slope towards the central point 
of the whorl, then again it diverges, the hairs sloping away from the central 
point, just as is the case in the vertex whorl. 

The situation of the whorl also differs, being now higher, now lower, but 
always (at least in the cases I observed) on the upper half of the forehead; 
moreover it can be found either in, or at the side of, the median line, and either 
to the right or to the left. 

This difference in character and situation of the whorl is the cause of the 
great variability of the hair pattern in this group, and I am convinced that, 
on. further investigation, patterns of the hairy covering of the forehead, other 
than those drawn in figs. 13-17, will be discovered. The conceivable possi- 
‘bilities are numerous. 

The hair pattern of the forehead acquires a certain elegance when a whorl 
is present owing to its complicated structure. If one considers that among 


Fig. 13, 


sixty individuals a frontal whorl was observed five times, then its appearance 
need not be regarded as a rarity. 

Is the occurrence of this whorl to be considered as a progressive pheno- 
menon in the development of the hair stream system on the human forehead? 
I am inclined to answer this question in the affirmative, on the following 
grounds, 

I have said previously that the appearance of the vertex whorl in the region 
of the occiput should be regarded as the beginning of the development of 
the human hair pattern. 

This vertex whorl arose in, or near, the median line in the middle of the 
facial stream, which originally ran on to the nuchal region. The transformation 
of the pithecoid hair pattern to the human one began therefore in the median 
line. Subsequently I drew attention to the fact that the supplanting of the 
facial by the bregma stream had always gone farther in the median line than 
laterally (cf. fig. 6). The differentiation of the human condition from the 
pithecoid appears, therefore, to have started in the median line. 

This opinion is further proved by the situation of the frontal whorl, for 
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this also appears in the median zone of the forehead, sometimes, as in fig. 18, 
just in the median line. The appearance of the frontal whorl gives the im- 
pression of being a repetition of the process which led to the formation of 
the vertex whorl. 

This most interesting complication in the hair pattern of the human 
forehead is a new ‘proof in favour of the assertion that the hair slope is not 
determined by external causes, but is dependent on internal factors, for it 
appears in the foetal hair pattern of the human forehead. Before birth this 
hair has already been cast off, and this part of the hairy covering has, therefore, 
never been subjected to external factors. So its structure and progressive 
development cannot have been the result of influences working from without. 

It is of small importance to describe separately the different cases given 
in figs. 13-17; the drawings are, I believe, clear and complete enough to give 
a correct impression of these very complicated and at the same time variable 
conditions, 


Fig. 16, 

Only to one case should special attention be drawn, viz. fig. 17. For here 
one sees the very rare appearance of two whorls instead of one: a diverging 
frontal and a likewise diverging eyebrow whorl, both slightly to the right of 
the median line, 

We have already seen an eyebrow whorl in a previous case which is depicted 
in fig. 10. The existence of two whorls, however, on the forehead must cer- 
tainly ‘be regarded as a curiosity. 

If one compares the eyebrow whorl of fig. 17 with fig. 10, then one sees 
a remarkable difference. For though in both individuals its position is 
identical, it is a converging whorl in one case (fig. 10) and diverging in the 
other (fig. 17). This fact tends further to obscure the factors which determine 
the hair slope. For if in one case it is towards a certain point on the surface 
of the body and in another case turned away from it, it is evident that this 
point certainly has significance with regard to the hairy covering, and that 
the implantation of the hairs in relation to this point is dependent on varying 
factors, 

It has already been remarked that this last fact also holds good with 
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respect to the frontal whorl; in figs, 18, 14 and 17 it is divergent, in figs. 15 
and 16 convergent. An accurate comparison of the structure of the hair pattern 
in both groups, however, teaches us something in this case about the possible 
cause of the difference. 

In the foetuses sketched in figs. 15 and 16 the ascending facial stream 
extended across a fairly considerable 
area of the forehead, while in the three 
other cases (figs. 13, 14 and 17) this 
stream had on the left side been pushed 
back as far as the eyebrow by the de- 
scending bregma stream. It is possible 
that this is a coincidence but it is also 
possible that the character of the 
whorl has been determined by the 
struggle for territory, which is con- 
stantly being waged between the bregma 
and facial streams. The result would 
then be as follows: if the ascending 
stream is predominant a convergent spiral is formed, if the descending stream 
gets the upper hand a divergent whorl appears. 

The study of the hair streams on the human forehead does not lead to 
the results one would have expected. The variability in the structure of the 
hair pattern is so great in this region of the skin that one scarcely comes 
across two individuals who are entirely the image one of the other. Now ° 
one would expect that a study of this excessive variability would lead to 
a solution of the causes determining the hair slope, but this is in no wise 
the case. 

The only conclusion which could perhaps with some justice be drawn 
from a comparison of the different conditions, is that the hair slope is not 
determined’ by external influences but that it is probably the expression of 
certain conditions of growth in the skin. We are still, however, entirely in 
the dark as to the actual connection between the process of skin-growth and 
the hair slope. 

I will conclude this short essay with a remark about the great variability 
of the hair pattern on the human forehead. 

The material employed for this investigation consisted of foetuses chiefly 
from Dutch mothers, only eight being derived from the population of Java. 
Now the Dutch population must anthropologically be considered as a very 
mixed one, many races having contributed to its formation. This fact raises 
the question whether this great variability in the hair pattern could not be 
a result of the excessive mixing of races out of which the present population 
of Holland has been formed. Would such a variability also be found in indi- 
viduals of a purer race or would not each race be characterized by a frontal 
pattern of its own? This question seems to me, from an anthropological point 
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of view, to be well worth considering, and an investigation in this direction 
would be of value. 

In such an investigation the question of the heredity of the hair pattern 
would stand uppermost. This last question is certainly not an easy one to 
answer with regard to such a very mixed population as exists in civilized 
states. Moreover one cannot reconstruct the foetal hair pattern after birth 
when the lanugo has been cast off, so that an examination of children of the 
same parents also gives no result. 

There is, however, another way of answering this question, viz. the com- 
parison of the hair pattern of dicephalic double-monsters, which are in the 
fitting stage of development for this investigation. I had the good fortune to 
be able to examine the structure of the hair pattern of two dicephalic monsters. 
The result was rather surprising, for while on both heads of one dicephalus 
I found an entirely identical hair pattern, there were considerable differences 
in the two heads of the second monster. They certainly both belonged to the 
asymmetrical type sketched in fig. 8, but they differed very markedly in 
detail. 

















MECHANICAL CONSIDERATIONS IN THE SCAPULO- 
HUMERAL ARTICULATION 


By GORDON HARROWER, M.B. — : : 
Professor of Anatomy, King Edward VII Medical College, Singapore. 


"Tuar the shoulder-joint should be so lax anatomically may not occasion 
surprise when one considers the great range of movement permitted; that such 
a combination is capable of lifting heavy weights from the ground, not to 
mention raising the weight of the body as in climbing, is indeed remarkable. 

Suppose we consider the feat which one commonly sees performed by 
athletes, that of lifting a 56 lb. weight from the ground into the position of 
complete abduction, i.e. making an angle of 91° with the sagittal plane. The 
elbow joint being in complete extension the ulna and humerus together con- 
stitute a lever of the third class, that is, the weight to be lifted is at one end 
of the lever, the fulcrum at the opposite extremity and the force applied some- 
where between these two points. As is generally recognised this is one of the 
least efficient mechanical forms of lever, its advantage being that it permits 
great range of movement. 





Fig. 1. 


The axis of the effective lever does not correspond to the axis of the bony 
members on account of the obliquity of the anatomical neck to the shaft of 
the humerus. The true axis of the lever therefore is distinctly below the axis 
of the bones so that a triangle is formed in which the base is the axis of rotation, 
while one side is formed by the axis of the bones and the other by the axis of 
the neck and head of the humerus. This fact is of considerable importance in 
two ways: (1) the mechanical strength of the lever is increased, (2) rotation 
round the axis is permitted and this necessitates some method of preventing 
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internal and external rotation thus requiring a further expenditure of power, 
a straight lever being more easily controlled than a bent one. Rotation, or as 
Fick prefers to call it, pronation and supination, is prevented during abduction 
by the attachment of the muscles to the tuberosities. The subscapularis checks 
external rotation, while the teres minor and infraspinatus check internal 
rotation, the anterior and posterior fibres of the deltoid also acting. A marked 
feature in lifting heavy weights under the conditions mentioned, is the bracing 
of the shoulder; the muscles attaching the scapula and clavicle to the axial 
skeleton are strongly contracted, the internal rotators acting more powerfully 
to counteract the distinct tendency to external rotation. The supraspinatus 
has little or no effect on rotation. We are now in a position to consider the 
fixation of the head or fulerum. 

Taking the length from the fulcrum to the centre of the palm of the hand 
as 22 ins, and the distance from the 
fulcrum to the insertion of the deltoid 
as 43 ins, and the weight to be raised , 
as 56 lbs. by the following formula we a4 





find; ABxS6 = ACXZ 
In raising the weight from the 22 x 56 4x 


ground to a point at right angles to Shs ro 

the body, the muscles involved (directly as abductors as opposed to muscles 
fixing the fulcrum) are the supraspinatus and biceps applying force at a very 
short distance from the fulcrum. The latter muscle acts from its insertion to 
the origin of its long tendon into the upper margin of the glenoid ring and 
scapula. The deltoid is the chief effector both as regards the bulk of the muscle 
and its mechanical advantage of applying the force nearer to the weight to be 
lifted. The force at the fulcrum is proportionately equal to, and opposite from, 
the weight lifted. In other words at any instant during which the weight is 
being neither lifted nor lowered the 
system is in equilibrium’, There : 
must therefore be a force acting A 

on the fulcrum (i.e. the head of the 

bone) preventing its downward or 

upward displacement as follows: . 218 Ibs. 


1 Rod pivoted at O; forces F and f applied at A and Bas shown. Since the rod is in equilibrium 
the pivot must apply to the rod a horizontal force F sin @ and a downward force F cos @~f. 
These forces are applied by the pivot to the rod; the rod applies to the pivot equal and opposite 
forces. Further, since the rod is in equilibrium, we have 

F cos 6x OA =f x OB. 
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that is, there is a force tending to displace the head of the humerus upwards 
or downwards equivalent to a weight of 218 lbs. I have chosen the period of 
equilibrium because in motion the muscle force is slightly greater or less according 
to whether the weight is being raised or lowered. On account of the force of 
gravity there is no normal tendency to a sudden upward displacement of the 
distal extremity and a consequent rapid downward displacement of the head, 
a fact which offers a further explanation of the lack of muscular support 
of the head inferiorly, in addition to inheritance from a pronograde ancestry 
in which the weight of the body is partially supported on the humeri. 

_ The head of the humerus is somewhat less than half a sphere and does not 
fit the glenoid cavity accurately. It has therefore no bony support such as is 
provided in the hip joint. The capsule is decidedly lax and affords practically 
no support to the head and there are no muscles acting directly to hold the 
head in place except in the horizontal position of the arm when the head 
receives some support from the long tendon of the triceps. The supraspinatus 
and biceps both use the head as a pulley over which to act and these two muscles 
therefore tend to depress the head until the arm has reached the horizontal 
position. We must therefore consider what other conditions assist in fixing 
the fulcrum. 

If one wishes to move the arm freely as in rapid circumduction, the muscles 
producing the movement act in succession. The muscles which are not 
in immediate action although in a tonic condition are nevertheless com- 
paratively lax, the centrifugal force tending to pull the head of the humerus 
away from the glenoid cavity thus allowing free lubrication. In heavy weight 
lifting, however, every muscle of the shoulder region is in powerful contraction, 
pulling the head against the articular cartilage of the glenoid cavity. This 
forcible compression of the articular surfaces squeezes the synovial fluid from 
the surfaces in apposition while at the same time flattening the surfaces and 
therefore increasing the friction between the two surfaces. Friction, however, 
is independent of the extent of the area in contact between two given masses. 

The muscles acting to pull the head of the humerus against the glenoid 
cavity are the pectoralis major, latissimus dorsi, supraspinatus, infraspinatus, 
teres minor, subscapularis, biceps and deltoid. 

In ioto, the resultant of the various forces acting on the head of the humerus 
to fix the fulcrum is at right angles to the surface of contact in the glenoid 
cavity because the muscles automatically adjust the degree of their individual 
contraction to produce this, the most favourable condition. Assuming the 
curvature of the lower part of the glenoid cavity as being practically a plane 
surface (and this may be conceded considering that it is a segment of the 
circumference of a circle of relatively large diameter) then with the scapula 
fixed and having its vertebral border approximately vertical, this glenoid 
surface makes an angle of about 67}° with the normal horizontal plane (fig. 2). 

The co-efficient of static friction which is always less than unity equals F/M, 
where F = muscular pull and M = the weight 218 lbs. tending to displace the 
head of the humerus, 
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In order that the mass may be raised the muscular force pulling the head 
inwards must be relaxed to allow the head to roll round in a downward direc- 
tion in the glenoid cavity, that is, we must establish kinetic friction and as 
the weight is raised gradually, the movement inside the joint will tend to be 





intermittent in type, on account of the much smaller range of movement at the 
joint compared to that of the hand. There is therefore, at various times an 
instant, just as static friction is about to become kinetic friction, during which 
a condition of balance is produced, when the angle of the surface of the glenoid 
cavity becomes the angle of repose or limiting angle (fig. 3). 

The coefficient of kinetic friction = tan 0 = F/M. 

Since u (coefficient of static friction) = F/M and tan @ = F/ M 

u = tan 6 = tan 673°. 

We can now calculate the force acting on the head as F = M tan 0, which 
equals the minimum pull of the resultants of the various muscles acting on the 
shoulder joint to fix the fulerum when a weight is being raised from the ground 


into a position of abduction 


(W+C)x CB 
F= Ye tan 0 


where W = weight raised; C = weight of the arm; CB = distance from 
insertion of deltoid to hand; AC = distance from fulerum to insertion of 
deltoid; and F = muscular pull on head of humerus. 

We also note that in order to decrease the limiting angle the inferior angle 
of the scapula is rotated outwards at the commencement of the movement 
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and after the shoulder joint is completely abducted any further movement in 
this direction is always accompanied by flexion of the body to the opposite 
side, all in order to reduce the limiting angle: It may be noted that when the 





Limiting Angle 
Tan @ 
Fig. 3. 


arm is adducted and in apposition to the lateral aspect of the body the limb 
is merely suspended by the muscles, assisted by the obliquity of the glenoid 
cavity with the humerus “hooking” on it. 

Having considered the fixation of the head of the humerus and noted the 
strains involved we shall now consider 
the effect of such strains and stresses 
on the internal structure of the head of 
the humerus. In a section through the 
head of the adult humerus cut in the 
plane of the great tuberosity, an in- 
verted V-shaped osseous lamina is 
noted. One limb of the V passes from 
the distal extremity of the great tuber- 
osity upwards and inwards toward the 
head, meeting the other limb of the’ V 
which passes downwards and inwards 
toward the centre of the articular surface Fig. 4 (after Wagstaff). A. Pressure line due to 
(fig. 4). This is apparently the modified pressure on the head of the bone. B. Tension 
epiphyseal line ossified and thickened. —— ES NE te peat ther. 
Cope has noted the persistence of the 
line in patients over 60 years of age and states that the lines are prominent 
also in the head of the femur. I have sectioned both femur and humerus in 
a subject of 76 years of age and in both cases the line was very prominent, 
although better marked in the humerus. I have also found a small osseous 
lamina about one inch in length, placed vertically to the long axis of the shaft 
of the humerus in the region of the small tuberosity. This spur was present 
more or less in all the humeri I have sectioned and corresponds somewhat to 
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the calear femorale but very much less developed. The persistence of the 
osseous laminae in the femur and humerus in the position of the epiphyseal 
lines, long after all trace of the epiphyseal line has disappeared in other 
situations is due to the enormous strains to which these bones are subjected. 
In Morris’s Anatomy the pressure curves in the head of the humerus are 
shown. One set at right angles to the greater tuberosity are correctly described 
as the result of tension exerted by the muscles attached to the great tuberosity. 
The other set at right angles to the articular surface of the head are left un- 
explained but are developed to prevent flattening of the head of the bone 
during the great pressure introduced in powerful abduction which I have 
indicated. 
To my knowledge no one has indicated the mechanical reason of the 
direction of the epiphyseal plates. It is highly probable that their direction is 
due to the strains involved for even i utero muscular tissue as soon as formed 
is continually in action. To this fact has been attributed the constancy in 
appearance of the centres of ossification. 
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SOME POINTS IN THE MECHANISM 
OF THE HUMAN HAND 


By T. S. KIRK, B.A., M.B. 
(From the Department of Anatomy, Queen’s University, Belfast.) 


Durine the war I became associated with Mr Pringle, an engineer, in the 
making of an artificial hand. Our aim was to produce an efficient hand, that 
is, one with which real productive work could be done. In our first experi- 
ments we did not try to copy the human hand, not having realised its mechanical 
perfection; we copied instead that all-round useful tool, a pair of gas-pliers. 
. This gives a grip like that between the tips of the thumb and fore-finger. 
We varied the width of the blades or fingers, and then added a second finger, 
as it were, on one side; this increased the “bearing surface” and was found 
to be a great advantage. After many experiments, however, we were forced 
to admit that we had failed; we had been unable to construct a universal 
tool-holder. We decided, therefore, to try to copy the human hand, the most 
perfect gripping instrument and the widest in the range of its adjustment, 
being equally adapted for delicate finger-tip grip and complete palm grasp. 
While making this model and while dissecting the human hand to ascertain 
how Nature had met the mechanical problems, there seemed to me to be certain 
aspects of the mechanism of the hand which it would be worthy to record. 
We found, for example, in our model, that fingers springing from a rigid 
metacarpus would not give a proper palm grasp and we were unable to get 
an efficient grasp until we commenced our fingers close to the wrist. In order 
to obtain such a grasp we had to construct our artificial hand so that the parts 
representing the fingers and the metacarpal bones acted together, the former 
flexing and the latter extending simultaneously. In describing a finger as a 
mechanical unit, therefore, the corresponding metacarpal bone should be 
included in the unit with the phalanges; and the meaning of: the synergic 
action of the flexors of the fingers and the extensors of the wrist seems to be 
more easily understood. . 
Then, again, on account of the obliquity of the flexor tendons in passing 
from the wrist to the fingers and the palmar concavity of the metacarpus, we 
found that in closing the hand the marginal fingers were drawn to the middle 
line as well as flexed. To overcome this we had to insert a narrow piece of 
metal transversely at the place in the hand which corresponds to the heads or 
the necks of the metacarpal bones. In the human hand this tendency to 
adduction is prevented, I believe, by the action of the strong dorsal interossci 
muscles, 
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We found also that in order to get a proper palm grasp it was necessary to 
have soft adaptable pads in the palm; otherwise an object grasped in the palm 
slipped about in the hand. We experimented with many materials and finally 
used sponge-rubber, as being in its physical properties more like the palmar 
pads of fat than anything else we could discover. At first our arrangement of 
these pads was somewhat haphazard, but after the pads in the human hand 
had been dissected to study their disposition we placed the rubber pads in a 
similar way and were rewarded with excellent results. 

The palmar pads in the human hand have a very definite arrangement, 
but while there is an extensive description of their homologies with those of 
the foot, of their greater thickness in the European than in the Asiatic hand 





Fig. 1. 


and their smallness in the hand of the anthropoid, I have not found in any 
description a reference to them as an essential part of the structure of the 
hand as a grasping mechanism. I have appended, therefore, the following 
short description of what I believe to be the manner in which they are used. 

There are three main pads, namely, the thenar, the hypothenar, and the 
metacarpo-phalangeal pad, and sometimes there is a small fourth one between 
the proximal ends of the thenar and hypothenar pads. The thenar pad overlies, 
but does not quite cover, the thenar muscles, their basal and lateral parts 
being bare. It is closely connected to the skin by a large number of fibrous 
septa, which require to be divided in removing the skin from it. There is a 
“tail process” from it which proceeds forwards and curves laterally under 
the web of the thumb. The hypothenar pad is larger and of greater thickness 
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than the thenar pad. It covers the hypothenar muscles and reaches at least 
the ulnar border of the hand, while underlying it and inserted into it from its 
deep surface there is the palmaris brevis muscle. Deep to this muscle there is 
a varying amount of fatty-areolar tissue, but in texture this is quite different 
from the pad, being soft and lobulated. The hypothenar pad has very little 
skin connection, the lines in this area of the palmar skin being remarkably 
few compared with those on other parts. The metacarpo-phalangeal pad lies 
across the roots of the fingers. It is divided into three parts. The central of 
these is common to the interval between the middle and ring fingers and to 
the adjacent parts of their bases, while the marginal pads are related to the 
index and little fingers and to the spaces between them and the central fingers 
and the adjoining parts of their bases. The intervals between these pads are 
indicated on the skin by flexure lines and the pads themselves are attached 
to the skin and underlying tissues. 

When an object is taken in the hand and grasped with the palm these pads 
are applied and adapted to it so that the hand and the object become accurately 
fitted together. The pads, of course, will tend to be displaced. The thenar 
and the metacarpo-phalangeal pads, however, are retained in position partly 
by their skin connection and partly by the backing they have of the underlying 
muscles and bones; but the hypothenar pad, which would tend to be splayed 
round the ulnar margin of the hand, is held in position by the contraction of 
the palmaris brevis muscle. This then I put forward to be the purpose of this 
muscle, that it is a muscle concerned in the palmar grasp in which its action 
is to prevent the displacement of the hypothenar pad. In our artificial hand 
we had to support this pad by a strip of leather on the ulnar side in order to 
get its full benefit. 

The points I wish to draw attention to are: 

1. Considered as a mechanical unit the finger consists of the phalanges 
and the metacarpal bone. 

2. In closing the fist there are required strong flexion of the fingers and 
moderate extension of the metacarpal bones: hence the attachment of the 
extensors of the wrist to the bases of the metacarpal bones, and the synergic 
action of the extensors and the flexors. 

8. The pull of the flexors on the fingers towards the middle line is counter- 
acted by the strong dorsal interossei. 

4, The palmar pads are essential mechanical requirements for palm grasp: 
the ulnar one is the largest and the most useful, and, unlike the others, is free 
to be displaced; it is held in position by the palmaris brevis muscle. 
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INTRODUCTION 


A xnowzencz of the thickness of the soft tissues of the scalp has often been 
sought because of its obvious importance in the computation of head measure- 
ments on the living from those of the dried skull or vice versa. No satisfactory 
agreement has been reached for the simple reason that great variation occurs 
in the thickness of these tissues and determinations have been complicated 
by the condition of the post-mortem or cadaveric material upon which estimates 
have been calculated. 

The methods adopted have been two: first, direct measurement by penetra- 
tion of a needle (Welcker (16), His (6), Kollmann und Biichly (8), Czekanowski (4), 
and secondly, by subtraction of the measurements upon the fresh skull from 
those on the cadaver (Gladstone (5), Anderson (1)). Probably the latter method 
is the more reliable, especially for averages. The limitations of each method 
will be discussed later in this article. Although the subtraction method does 
not involve the error induced by deformation of the skin which can scarcely 
be avoided in direct determination, it is subject to instrumental error. This 
is especially true in the measurement of auricular height. Further on we shall 
show that it is essential to use an instrument of precision in making this 
observation. 

Two other methods have been proposed but we cannot find that they have 
come into any. general use. Nearly thirty years ago Welcker suggested radio- 
graphing the living head and measuring the thickness of soft parts directly 
upon the radiograms (17). He presented rather scanty data to indicate that 
the results of this method are quite comparable with those obtained upon 
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cadavera, Later on we shall show reasons for believing that the soft tissues of 
the scalp are not quite the same in the dead as in the living and this alone makes 
us somewhat dubious of the value of measuring shadows until radiographic 
methods have been more accurately worked out. The other method is that 
adopted by Pearson in the superposition of cranial contours upon those of 
skulls (2). This involves the use of different individuals, perhaps belonging 
to quite different social grades, and was only employed in temporary default 
of a better mode of attack. 

We have undertaken to revise the existing data upon this important 
problem because we feel the imperative need of conducting, upon a specific 
material, a complete investigation of the various features necessary for a 
survey of the relation between measurements upon the head and upon the 
skull. Although the variabilities and correlations may not differ significantly 
from sample to sample the means undoubtedly do vary. One may not safely 
compare the means obtained from a sample of heads belonging to a particular 
social grade with the averages of a sample of skulls drawn from another. 
Hitherto there has been no serious attempt to determine all the necessary data 
upon a single population sample. We admit that there are objections to any 
group which may be chosen and the population of a dissecting room is no 
exception. We have reason, however, to believe that there are no greater 
objections to a population thus selected than to any other, and this group has 
the apparent advantage that it can readily be worked out completely. 

In previous communications the senior author has set forth the necessary 
reductions for skull measurements upon the Reserve material (13) and has also 
presented data upon shrinkage of the cranium in drying (15), a source of error 
which must be considered. It is true, as Czekanowski has stated (4), that the 
alterations due to shrinkage do not result in an individual error greater than 
the probable average error in any calculated determination of cranial capacity, 
but we cannot hold with him that the effect of shrinkage can therefore be 
ignored. Having then these preliminary data to hand it is plain that what we 
still need for a complete set of observations rendering possible the prediction 
of cranial diameters from the comparable diametral measurements upon the 
living are: first, a consideration of the thickness of the soft tissues of the 
scalp and, secondly, a determination of the relation between these diametral 
measurements taken upon the living and upon the dead. Neither problem is 
simple but the latter is infinitely the more difficult. 

All the observations necessary for this research have been determined by 
the senior author in the course of our routine examination of the cadavera 
and skulls in the Reserve collection. The data have been collected and reduced 
by the junior author and checked by the senior, who is also responsible for 
the form of presentation of this joint communication and for all the deductions 
drawn. 

By the method adopted in this work the personal error remains constant 
throughout the entire series of investigations upon cadavera and skulls and 
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Fig. 1. The Reserve Head-spanner from the front. The ear rods are fibre tipped; the shoulders prevent 
the rods from penetrating too far into the ear passages. The infra-orbital gauge permits an accurate 
adjustment of the instrument in the Frankfort plane 
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may therefore, for practical reasons, be discounted. For the most part the 
instrumental errors are known and have already been set forth. It is necessary, 
however, to discuss the error for an instrument which has not yet been described, 
namely the Reserve head-spanner. 

THE RESERVE HEAD-SPANNER 


The Reserve head-spanner, a modification of Gray’s apparatus, is an all- 
metal instrument the principle of which is measurement of auricular height 
from the roof of the external auditory passage at right angles to the Frankfort 
plane. The instrument is illustrated in fig. 1. Zero on the scale is shown when 
the lower end of the scale is in contact with the upper aspect of the ear rods. 
The frame of the instrument is aluminium, the scale and rods are of steel, the 
tongue of the Frankfort gauge is of brass, and the rod tips of fibre. At first 
we made the rod tips of steel but these proved very uncomfortable in the ear 
passages. We next tried rod tips made from tooth brush handles but these 
were too brittle. The fibre tips can scarcely be called pleasant in the ear but 
they are the least objectionable. It is essential that the tips penetrate the ear 
passages sufficiently to rest against the roof of the bony canal; otherwise 
there is a large individual error. They cause actual distress if they penetrate 
too deeply. Consequently we constructed a shoulder 13 mm. from the extreme 
end. In using the instrument the tips should penetrate the canals sufficiently 
to rest in contact with the bony roof; they should not be pushed further in. 
The precise distance must be ascertained for each individual; the shoulder 
itself is not a sufficient guide. It is quite important to adjust the instrument 
correctly in the ear passages for the principle of our craniostat also is measure- 
ment from the roof just within the bony meatus. 

The tongue of the Frankfort gauge was first made entirely of aluminium, 
but this metal proved too brittle. The antero-posterior rod is flattened on 
one side to prevent rotation and is held in position by a screw. The transverse 
limb moves freely in a horizontal direction by a joint permitting no vertical 
wobble. It is long enough for all practical purposes: if made too long it 
becomes inconvenient for use on narrow-faced individuals, 

Once the ear rods are in position they are held securely in their bearings 
on the frame by the screws. The Frankfort gauge is adjusted to the lower 
border of the left orbit. The scale is then settled down upon the vertex and 
the auricular height read off directly. This instrument, like all others designed 
and made in the Anatomical Laboratory of Western Reserve University, may 
be purchased at cost on application. 

RELATIVE ACCURACY OF INSTRUMENTS 


The instrumental error for Flower’s craniometer has previously been 
calculated (13) so that there is no necessity to engage in a new discussion of 
this instrument. For the measurement on hard surfaces the average error has 
been shown to amount to about 0-3 mm. either for length or breadth (13, p. 156) 
but in the former dimension there is a further source of error in the difficulty 
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of orienting the head of the cadaver exactly in the Frankfort plane. This 
difficulty adds about 0-2 mm. to the average error in length (13, p. 156), Assuming 
then that it is possible to measure the dimensions as accurately upon the soft 
tissues of the head as upon the hard skull, an assumption perhaps scarcely 
justifiable but yet necessary in the circumstances, we must admit that the 
average dimensions in the cadaver will not be more accurate than to 0-3 mm. 
for breadth and 0-5 mm. for length. The error in individual cases may be 
five or six times that amount. 

In measurement of auricular height the standard of accuracy is the 
dimension as ascertained on the Reserve craniostat, the average error for 
which instrument amounts to 0-2 mm. (13, p. 156). When first employed, our 
craniostat had rounded rods for the ear passages but later we gave a knife- 
edge to those parts of the rods entering the external auditory meatus because 
the constricted orifice of certain skulls failed to permit the rounded rod quite 
to reach the roof of the passage. For a head-spanner to be employed upon. the 
living it is not practicable to use knife-edges and therefore the Reserve head- 
spanner, as designed and made by our Mr Cherney, possesses ear rods with 
rounded fibre ends and in addition a shoulder the object of which is to prevent 
the rod from penetrating too deeply into the auditory passage. In those in- 
frequent cases in which the upper part of the meatus suddenly narrows it has 
not yet been ascertained whether, on the living, the knife-edge would give 
a smaller measurement than the rounded rod. The cases cannot be diagnosed 


clinically. The difference rarely amounts to more than 0-25 mm. which is 
within the limit of personal error. It follows therefore that any difference 
between the two instruments in measurement of auricular height should result 
in the larger figure being derived from the head-spanner. 


Table I. Accuracy of Reserve head-spanner checked against Reserve craniostat 


Auricular height in millimetres 
A... 





‘Y 


4 
June 2 June | 
Deviation 
Skull Head-spanner Craniostat cols. 3 and 4 
901 107-25 107-25 0-0 
910 125-0 125-0 0-0 
918 108-0 107-75 0-25 
926 118-5 118-25 
927 106-0 106-0 
928 113-75 
932 110-75 
951 112-0 
953 110-0 
996 114-0 
Total deviation i 
Average deviation ... ose me -. O-l mm. 
The skulls are drying unmacerated but no appreciable change in dimensions would occur in 
the 24 hours between measurements, 
The slight difference between results is undoubtedly due to the fact that the craniostat has 
knife-edges whereas the head-spanner has round rods, 
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Table I gives the data for measuring the accuracy of the Reserve head- 
spanner. The skulls used in the investigation were in process of drying and 
not yet macerated but no appreciable change in dimension would occur in 
the 24 hours between measurement with the two instruments. The table 
shows that the average difference in auricular height as ascertained with the 
two instruments is 0-1 mm. less than the instrumental error of the craniostat. 
Consequently the head-spanner may be regarded as accurate within the limits 
of possibility of the measurements. The individual difference is 0-25 mm. and 
in each case the larger figure is obtained on the head-spanner. This is explained 
by the fact that the head-spanner necessarily possesses rounded ear rods 
whereas the craniostat is provided with knife-edge rods. Estimating the 
maximum individual error as five or six times the average error, as was done 
in the case of Flower’s craniometer, an instrument essentially less accurate 
than the head-spanner, the maximum would scarcely ever exceed 0-6 mm. 


RELATIVE ACCURACY OF VARIOUS METHODS OF 
MEASURING AURICULAR HEIGHT 


In measuring auricular height, three methods have been adopted. The 
first is a very simple one which calls for no special instrument and is a 
modification of the method described fully in Hrdlicka’s Anthropometry (7). 
A Tasterzirkel is adjusted on the head so that the bulbous extremities of its 
limbs rest upon the roof of the external auditory passages just within the 


meatus and the stem of a Gleitzirkel is used to measure the distance from skull 
vertex to a fixed point on the Tasterzirkel. This dimension, subtracted from 
the vertical distance between the horizontal passing through the upper aspects 
of the bulbous extremities and the fixed point mentioned above, gives the 
auricular height. In this method the adjustment of instruments is done by 
estimation so that a dimension is obtained at right angles to the Frankfort 
plane. 

The second method is described in Martin’s Lehrbuch (10, p.163), One limb 
of the Stangenzirkel is adjusted to the roof of the left auditory passage and 
the other, to which the Ohrhdhenadel is affixed, is laid upon the head vertex, 
the relation of the stem of the Stangenzirkel again being adjusted by eye with 
reference to the Frankfort plane. 

The third method is that described above in connection with our head- 
spanner, 

In order to ascertain the reliability of the several methods I have arranged 
the following experiment. Using 25 fresh cadavera of a mixed population of 
Whites and Negroes and of both sexes I have measured the auricular height 
upon the head-spanner and also by the methods discussed above in association 
with the names of Hrdlicka and Martin. In addition I have measured the 
height by what I shall call the “old” method. It is based on Hrdli¢ka’s 
method but the measurement is taken from the roof of the ext. aud. meatus, 
a pelvimeter is substituted for the Tasterzirkel and the third segment of a 
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Martin’s anthropometer for the Gleitzirkel. The measurement simply provided 
a check upon the Hrdlicka method. 


Table II a. Comparison of methods 


Auricular height: 25 fresh cadavera; mixed population 


Standard Coeff. of 
Average deviation variability 

“Old” method .. 121-0-+-666 4:94+.-471 4-09 +-391 
Hrdlicka Ban aA 121-1+-666 4:94+-471 4-08 + -390 
Martin kes 121-2+-688 5:10+-486 4:20+-401 


Reserve head-spanner 122-1-+-595 4-41+-421 3°61+°345 


Table II b. Deviations of methods from results by head-spanner in mm. 


“Old” method Hrdli¢ka Martin 
Total deviation 36°5 34-5 60-5 
Average ,, 1-46 1:38 2-42 
Maximum ,, 8-0 6-0 7-0 


Table II b gives the results of this experiment. The total deviation of each 
method from the height ascertained by the head-spanner is recorded without 
regard to sign. These give average deviations of 1-46 mm, for the “old” 
method, of 1-38 mm. for Hrdlicka’s method, of 2-42 mm. for Martin’s method. 
There is no doubt from practical experience that Martin’s method is the most 
difficult to carry out, the most uncomfortable for the individual being measured, 
and the least satisfactory in result. The exact instruments used are less 
important than the method employed. This is shown by the fact that our 
“old”? method and that of Hrdlicka give practically identical results. The 
precise maximum deviation is a matter of accident but shows that each of 
the three methods may be quite unreliable compared with the much more 
accurate head-spanner. 

It has been shown that, so far as individual measurements are concerned 
auricular height cannot be measured with that degree of accuracy which we 
should reasonably expect unless a specially designed instrument is used. 
Anthropologists should therefore not encourage field workers to employ hap- 
hazard methods to ascertain auricular height. In justification of this view 
I present the results of a comparison of reliability of the various methods when 
applied to a population and not to individuals. Table II a gives the averages, 
standard deviations and coefficients of variability of the three methods checked 
against the results obtained on the head-spanner. The small variability as 
ascertained on the head-spanner is intrinsic evidence of the relatively greater 
accuracy of this instrument and the differences between this coefficient of 
variability and those of the other methods are measures of the inaccuracy of 
these methods due to instrumental error. Once again it is apparent that there 
is no essential difference between our “old” method and that of Hrdlicka, 

the precise type of instrument being less important than the nature of the 
method employed. It is now plain that, for a population sample, no one of 
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the three methods under examination gives better results than the other 
two and any one of them gives an appreciable error in the final result. One 
cannot too strongly insist upon the standardisation and unification of anthropo- 
metric instruments and methods. 


THE PROBLEM OF SOURCE OF MATERIAL 


About ten years ago Pearson drew attention to the fact that a general 
hospital population cannot be considered representative of the general popu- 
lation of the district (3), Although there may be an obvious difference between 
the means of these two groups the difference does not extend to the variabilities 
or correlations. This latter observation might be reasonably inferred. From 
very numerous series of properly reduced records in this laboratory and from 
the comparison of these reductions with those made upon similar material 
by others, notably the Staff of the Biometric Laboratory at University College, 
we have come to the conclusion that variabilities and correlations have a very 
distinct “human” value, affected relatively little by stock and only slightly 
or not at all by sex, age and other features usually emphasised by anthro- 
pologists. 

The social stratum from which a material is drawn may very readily affect 
the dimensions, and in certain respects even the proportions of the skeleton. 
It is therefore unwise to use means obtained from one class in arguments 
upon another social grade without careful reservations. In the present 
communication we are concerned, not alone with measurements upon the 
bony frame, but in addition with determinations upon the soft parts, which, 
at least in their water and fat content, may be subject to considerable variation.._ 
The problem of source of material, therefore, becomes quite important. 

The cadavera upon which this investigation is based should be classed as 
a general hospital population with a distinct criminal and pauper bias. The 
mean age at death is even less than that for the hospital population given by 
Blakeman, Lee and Pearson. This is doubtless due in part to the number of 
deaths from violence (see polygon of age frequency, (12), p.290)). But this very 
fact indicates that the material must not be considered as a pure hospital 
sample; it is a peculiar group characteristic of the anatomical laboratory. 
Probably the measurements on the skeleton are somewhat under those of the 
population at large but not so far below this standard as would be those of 
a pure hospital sample. The same is true of the averages deduced from the 
soft tissues. . 

Pearson has drawn particular attention to the effect of want of nourishment 
and “shrinkage” due to chronic disease (3) in such samples. The “shrinkage” 
is caused by emaciation which is usually interpreted as loss of weight. The 
“shrinkage”? associated with increasing age, however, probably involves change 
in the colloidal constitution of the tissues which becomes coarser and expresses 
water. I feel strongly that in chronic disease such a dehydration also takes 
place and though I cannot enlarge upon the problem at this time it is of such 
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paramount importance in this work that we must glance in passing at its 
probable effect upon the subcutaneous tissues. 


THE SUBCUTANEOUS TISSUES IN THE LIVING AND THE. DEAD 


In previous investigations such as those of Czekanowski (4), Anderson (1) 
and Gladstone (5), it has been either definitely asserted or tacitly assumed that 
the thickness of the subcutaneous tissues is the same after death as during 
life. Since the results of this research are to be applied to healthy living persons 
one must emphatically affirm that the cadaver, in most instances, is not simply 
the individual after the circulatory and respiratory systems have ceased to 
function. This communication is not the place in which to enlarge upon this 
very significant problem which, by its nature, must receive adequate attention 
upon another occasion. One ought, however, to make passing reference to 
the matter. 

Our interest was aroused in the relation between the healthy individual 
living and the same person dead by the important fact that the weights of 
our cadavera almost always are considerably less than those which our experi- 
ence of the living stripped weight would lead us to expect. Our estimates have 
been nearly always between 20 and 30 pounds in excess of those revealed by 
the cadaver scales, a marked exception being the cadaver obtained after a 
death of violence not involving external haemorrhage. It is apparent that 
a lingering illness results in emaciation but this emaciation does not appear 
to explain adequately the considerable loss of weight which our investigation 
shows. In brief there seems to be a dehydration of the subcutaneous tissues 
in the last stages of illness. The process of embalming restores the features 
to a condition more nearly resembling those of life. The amount of fluid used 
in our embalming method weighs from 16 to 24 pounds according to the size 
of the cadaver. So far as the scalp is concerned our embalming makes an 
important difference to the thickness of the soft tissues and this should not be 
ignored in the present investigation. 


Table III. Effect of embalming upon auricular height 
Nine heads of general population measured fresh and after embalming 


Standard Coeff. of 
Mean deviation variability 
Fresh 122-1+-798 3-55 + -564 2-91 +-463 
Embalmed  124-7-+.-832 3-70 +588 2-97 +.-472 


Table III gives the result of an enquiry into the difference in auricular 
height induced in the cadaver by embalming. Nine fresh cadavera of our 
mixed population were measured on admission and again 24 hours after the 
embalming fluid was introduced into the right brachial artery. Auricular 
height was chosen because it presents the least disadvantage. Head breadth 
tends to be exaggerated since the fluid travels up the temporal arteries and 
often greatly increases this measurement. Head length was discarded because 
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the cadaver is embalmed while lying upon its back and a relatively small 
amount of fluid, in consequence, percolates into the tissues over the opisthion 
which is compressed between the subjacent board and the heavy skull. The 
vertex of the head, on the contrary, has no large vessels and is subjected to 
no compression. The second measurement was deferred 24 hours to ensure 
even percolation of the embalming fluid. As one might expect, the table shows 
a somewhat greater variability of the measurement in the embalmed cadaver 
owing to variation in the actual amount of fluid which finds its way to the 
vertex. But the table also shows that this divergence may safely be ignored 
in our argument. The difference between the means is 2-6 mm. which repre- 
sents the increase in auricular height consequent upon embalming. Double 
this amount should be added to head breadth and head length to indicate the 
probable true effect of embalming upon these dimensions. The reason for 
doubling the amount becomes apparent from a study which will be made later 
in this paper of the variabilities of breadth and length. 

A rough check upon this amount of 2-6 mm. is provided in the following 
manner. We may assume that the total area of the adult male body is in the 
neighbourhood of two million square millimetres, a figure obtained from 
Vierordt’s quotation from Meeh (14, p.51), A layer of our embalming fluid 
2-6 mm. deep, spread over an area of this size corresponds to a weight of about 
18 pounds. Allowing for the fluid which naturally finds its way into the 
organs and deeper tissues of the body this agrees roughly with our total weight 
of embalming mixture. It also seems to be warranted by the dehydration of 
the subcutaneous tissues assumed in our hypothesis. 

Of course one may ask why I have not taken a sample of the presumably 
healthy living population which ultimately finds its way into the dissecting 
room and checked this up against the dimensions ascertained on our cadavera. 
Apart from the inherent difficulties of carrying out such an investigation the 
possible variability of the means of small samples precludes any greater weight 
being given to the result of work along such lines. Another method would 
involve measuring the actual thickness of the scalp in the living by a calibrated 
needle. But this alternative is alike impracticable on account of pain, wounds 
and deformation of the skin. 

For the present then we must rest content with the results now given. The 
mean auricular height, as ascertained on the cadaver, must be increased by 
2-6 mm. to give the probable true mean living auricular height. Breadth on 
the cadaver must be increased by 5-2 mm. to give the comparable field dimen- 
sion. Length is the most difficult of all to estimate for the expression of fluid 
from the soft tissues over the opisthion undoubtedly reduces this dimension. 
I am inclined to add a further amount of 2-6 mm. (i.e. 7-8 mm. total) to the 
cadaveric head length in order to obtain the probable true living length. 
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THICKNESS OF THE SCALP ON RESERVE MATERIAL 


In order to obtain the actual thickness of the soft tissues of the scalp the 
dimension measured upon the green skull is subtracted in each individual from 
the corresponding dimension on the cadaver. Mathematical reduction of the 
remainders so obtained gives the results presented in Table IV. In a former 
communication I have shown how much the skull shrinks in each of these 
dimensions in consequence of drying (15). Therefore the figures in this table 
must not be applied to measurements of the dried skull unless these measure- 
ments are corrected for drying. 


Table IV. Thickness of scalp on Reserve fresh material in millimetres 


Standard Coeff. of 
Type Number Dimension Mean deviation variability 


Mixed 69 Length 4-88+-233 2-874:165  58-81+4-392 
population 71 Breadth 7-29+-230 2-87+4-162 39-31+42-545 
21 Aur. height 6-06+-177 1-:12+-124 19-82+2-141 


Male White 43 Length 5°07+°324 3:154-229 62-13+6-014 
43 Breadth 7:02+°224 2804-158  40-00+3-343 
14 Aur. height 5:80+:234 1-30+-166  22-41+3-144 


The actual number of individuals utilised differs in the several dimensions 
owing to the fact that certain obvious errors had crept into the records and 
could no longer be corrected at the time when the statistics were gathered. 
This accounts for the differences in number of cadavera in the length and 
breadth series, Since the material obtained during one year is not usually 
worked up till the following year, and because the Reserve head-spanner was 
not manufactured until September of 1922, the number of measurements of 
auricular height is relatively very small. The skulls of the majority of the 
individuals on which this dimension was obtained with the head-spanner while 
the cadaver was still fresh and not yet embalmed will not be available until 
the summer of 1924, At that date it will be possible to review the figures 
relating to auricular height. But small as the number may be at this time, the 
averages are not likely to be altered to any practical extent and therefore, 
instead of holding the entire paper over for two years, it is worth while to 
publish these results at once. The variability in thickness of the soft tissues 
involved in the measurement of auricular height is much less than the varia- 
bility of the soft parts in either length or breadth. This is due, of course, to 
the fact that only one variable quantity is present, namely the scalp at the 
vertex. For one could not claim the existence of any practical magnitude in 
variability of thickness of the soft tissue in the roof of the auditory passage. 

The statement just made needs some explanation since it is absolutely 
opposed to descriptions given by Pearson (2) and Parsons (11) of the relation of 
the soft tissues to the bony external auditory meatus. The former writer, 
after an examination of three sections of heads through the meatus concludes 
that when the ear plug is properly inserted it can scarcely be more than 
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3 to 4mm. below the bone. The latter author, on the basis of four tracings 
of the same region believes that the skin opening is always below the bone 
but that its distance below varies from 3 to 8 mm. I am not here concerned 
with head-spanners which give the auricular height from the axis of the ear 
plug: our instrument determines the height from the upper aspect of the rod. 
It is well, however, to point out that the material upon which the estimates 
just quoted are based, was embalmed or at least was dead and that the area 
is one very frequently distorted by unavoidable post-mortem measures. The 
finger inserted into the meatus can quite plainly feel the bony margin and the 
soft tissues are certainly not so thick as either author would lead us to expect. 
As a matter of fact it is a principle of the use of our head-spanner to draw the 
rods up to the bony meatal roof immediately within the orifice and it is 
difficult to believe that the thickness of intervening soft tissues is more than 
1 to 2mm. At any rate the thickness is so small that no appreciable change 
could occur either in embalming or in emaciation. By far the greatest thickness 
of soft tissues concerned in auricular height is at the vertex. This is again 
indicated by the fact that variability in thickness of the soft parts in auricular 
height is about one half that of the thickness of the soft parts in breadth. 

Our results show that the soft parts concerned in breadth are distinctly 
thicker than those in length. This may be due to the bulk of the temporal 
muscle which, in certain cases, overlies the Euryon. At least such an explana- 
tion has been given by others. I am not convinced that it really has any 
bearing upon the case for the site of the Euryon is not at all constant and 
consequently the temporal muscle cannot invariably be included in the 
dimension. Hence this fact should tend to increase the variability in breadth 
but the figures show that variability in breadth is much less than variability 
in length. Nothing is proved by this argument but it at least casts doubt upon 
the validity of the temporal muscle explanation of the relatively great thickness 
in breadth. A more reasonable cause for the relatively considerable thickness 
of soft tissues in breadth compared with length, so far as our cadavera are 
concerned, is the fact that the body lies upon its back and in consequence 
there is a tendency for the expression of fluid from the soft parts at the back 
of the head owing to compression of those tissues between the underlying 
board and the skull the weight of which, with its contained brain, is con- 
siderable. 

Again it must be remembered that we cannot give dimensions of the head 
in the living and we do not know how far these are represented by the dimen- 
sions in the cadaver. This problem has been taken up in a separate section 
of our communication. : 

For each dimension we have calculated the mean and the variability in 
a mixed population of both sexes and of White and Negro stocks (Table IV). 
This is more of theoretical than of practical value. When we have sizeable 
groups of the female sex and of Negro stock we shall submit figures appro- 
priately dissected. Until then we can give merely the figures for the male 
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Whites. These, checked up against the corresponding figures for the general 
population, indicate the effect of admixture of sex and stock together upon 
average and variability. The general population figures are therefore simply 
temporary. 

It is unnecessary, we think, to compare in detail the results obtained in 
this work with those given by previous authors for the methods utilised by the 
different writers vary quite considerably and are often not clearly stated. We 
must also warn the reader not to accept without caution the quotations of 
one author from another’s work as quite frequently errors seem to have crept 
into the quotations. Further divers complicating factors enter such as age, 
sex, state of nourishment of the body, condition of the cadaver, whether fresh 
or embalmed, and sample of population. We shall content ourselves with 
comparing the average results for male Whites obtained by us with those 
given by Czekanowski in his complicated but important communication. 


Todd and Kuenzel: length 5-07; breadth 7-02; auricular height 5-80. 
Czekanowski: ~~ ees » 691; a » 848. 


Czekanowski does not state from what type of population he derived 
his data but his methods differ fundamentally from ours. In no case did 
Czekanowski measure the skull directly: all his skull measurements are hypo- 
thetical and are obtained by subtracting the thickness of the soft parts from 
the directly ascertained dimension on the cadaver. We have already pointed 
out the danger of error from deformation of the skin in direct-determination 
of thickness of soft parts. Further Czekanowski derived his determination of 
auricular height from measurements with Martin’s method which we have 
shown to be the most difficult and least dependable of all the methods so far 
utilised. It is essential, we believe, at this stage to confine attention to a 
particular sample upon which a complete survey can be made. 


DIMENSIONS OF THE HEADS AND CRANIA 


It will still be many months before the fully dried crania belonging to the 
series of heads used in this work are all set out ready for service on the Museum 
shelves. Hence, in emergency, I desire to present for comparison the dimensions 
with their variabilities ascertained upon the fresh heads and compare them 
with those of a former standard series of male White dried crania. These figures 
are gathered together as Tables V and VI. Elsewhere I have commented upon 
the relatively stable character of human variabilities and the very slight degree 
in which these differ from sample to sample in spite of statistically significant 
differences in the means. In actual fact the averages of the 25 crania of our 
recent series which are now fully dried (shown in Table VII) do differ somewhat 
from those of Table V but there is no reason to anticipate a corresponding 
difference in the variabilities. 

Now, comparing Tables V and VI, one notes the significant fact that 
variabilities are less in the dimensions of the cadaver head than in the measure- 
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ments on the skull. One cannot assume this to be an accident of the samples 
since it occurs in many different phases of our work where we are comparing 
the variabilities of any bodily unit with those of the constituent parts of the 
unit. We are accustomed to speak of this phenomenon in the laboratory as 
the compensation of the parts in the whole. Its relation to measurements of 


Table V. Reserve cranial dimensions; 167 male White skulls (13) 


Standard Coeff. of 
Mean deviation variability 


Length 181-42+-427 8-191+-302 4-514+-166 
Breadth 144-28+-296 5-675+-209 3-933 +-147 
Aur. height 116-41+-252 4-822+-178 4-142 +.-152 


Table VI. Cranial dimensions; fresh cadavera; male White only 


Dimension and Standard Coeff. of 
number Mean deviatior. variability 


Length 43 188-734-797 7-75+-564 4-11+-299 
Breadth 43 153-644-590 5-7414-417 3°74+.-272 
Aur. height 16 123-59+-695 412+-491 3°33 4-397 


the skull is demonstrated in an article now being prepared for the press by 
Dr Pitkin. It is also evident in the precisely comparable figures given by 
Czekanowski (4) and by Blakeman, Lee and Pearson upon head and skull 
measurements (3). The paradox is vividly presented by Pearson as a negative 
correlation between skull diameters and amount of covering flesh. 


THE COMPUTATION: OF DIMENSIONS AND CAPACITY 


We originally undertook this work in order to compute cranial dimensions 
from those of the living head or vice versa. In this calculation it is necessary 
to allow for shrinkage of the skull in drying after maceration as well as for 
thickness of soft tissues. Corrections for shrinkage have been set forth in a 
recent communication (15). We shall consider first the computation of average 
dimensions in a population sample and secondly the calculation of dimensions 
for individual skulls. 7 

To ascertain what reliance can be placed upon our results for a population 
sample one must know the dimensions of a series of heads and also the dimen- 
sions of the fully dried skulls from the same heads. One can then check the 
computed cranial dimensions by actual observations. Table VII gives the 
computed figures for male Whites together with the directly ascertained 
averages upon the 25 male White crania of our present series which are already 
fully dried. The greatest difference between calculated and directly determined 
averages is in breadth, the divergence being 0-9 mm. For length the difference 
is 0-1 mm. and for auricular height 0-4 mm. One must remember that there 
will be a slight further shrinkage of these skulls during the coming year for 
I now find that there may be, though not invariably, a slight shrinkage going 
on in our crania even after the 12 weeks which we have come to use as a standard 
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drying period. This would reduce still more the discrepancy for breadth but 
would rather increase it for height. 


Table VII. Calculation of average head dimensions from measurements 
on dried skulls—male Whites only 
Average Length Breadth Aur. height 
Dimension on 25 dried skulls sat 181-9 145-4 115-7 
Shrinkage _... ee woe 1:8 2-1 1-7 
Thickness of soft come ci Ree 51 7-0 5:8 


Computed head dimension (cadaver) 188-8 154-5 123-2 
Actual mA si Ft 188-7 153-6 123-6 


Amount to be added to cadaveric 
dimension in order to = 
living dimension ... Re ies 7:8 5-2 2-6 


In order to reconstruct the dimensions of the living head one must add to 
the cadaveric measurements 2-6 mm. for auricular height, 5-2 mm. for breadth 
and probably 7:8 mm. for length. 

The surprising accuracy with which average dimensions can be computed 
must not engender a false optimism in results for individual cadavera. We 
have already shown the great variability in thickness of the scalp. This 
permits a very considerable deviation between actual dimensions and those 
calculated from our averages. So long as we deal only with the averages of 
samples of reasonable size it is probable that the method will be fairly satis- 
factory. The moment, however, we apply our figures to individual heads, the 
effect of great individual variability is vigorously demonstrated, even if the 
individuals are grouped into a series. 

From the cadaveric measurements we have calculated the dimensions of 
the 25 male White crania already dried. Taking round figures we have 
subtracted from the cadaveric diameters the following amounts for thickness 
of soft tissues and cranial shrinkage in drying, the figures being based upon 
Table VII. 

Length 7-0 mm.; breadth 9-0 mm.; auricular height 10-0 or 7-5 mm. In 
auricular height 7-5 mm. is deducted if the cadaveric dimension was ascertained 
when the body was fresh: 10-0 mm. (i.e. 7:5 + 2-5) if the body was already 
embalmed, 2-5 mm. being approximately the increase due to embalming as 
shown in Table III. The average deviations calculated without regard to sign 
in these 25 examples are: 

L+B+AH8-8mm. Length 3:4mm.; breadth 2-5 mm.; auricular height 

2-9 mm. 
and the individual ranges are very great: 
L+B+ AH ranges from — 15-25 to + 11-0 
Length " es 7:25 ,, + 5°75 
Breadth “ ‘ 60 ,,+ 80 
Aur. height 65 ,, + 45. 
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When we come to calculate cranial capacity from the computed dimensions 
we must not even be misled by the L + B + AH discrepancy of 6-6 mm. This 
would result in an error of about 50 c.c. in the computation of capacity by any 
proper regression formula (13, pp. 181-182). We should be quite satisfied if the 
result were no worse than this. Unfortunately the different diameters are not 
of equal value in regression formulae and therefore errors of opposite sign in 
different diameters do not rule each other out but greatly increase the dis- 
crepancy of the result. The L+ B+ AH figure is naturally obtained by 
addition of the several deviations having regard to the sign: it therefore gives 
a fictitious indication of the accuracy to be attained by a regression formula. 
A truer forecast would be given by addition of the three diametral errors, 
namely 3:4 + 2-5 + 2-9. This sum of 8-8 mm. error in the average diameters 
would presage an average error of about 90 c.c. in the calculation of cranial 
capacity, an error which robs our results of all confidence. On the other hand, 
by the use of a least square formula, we might hope to attain an average error 
of about 50 c.c. for in this type of formula the diameters are of more nearly 
equal value and errors of opposite sign tend to rule each other out. The objection 
which I have to the least square formula is that it tends to eliminate the 
essential differences in crania and whereas it should give better average results 
in principle in a very heterogeneous collection of skulls the individual results 
would be worse and, if the sample were not very heterogeneous, might be 
exceedingly bad. To assert that any given sample of skulls is really unselected 
in any way is to assume a heavy responsibility. The du Chaillu group of West 
African skulls was selected by the collectors on account of size: that is an easy 
inference. The Egyptian collections have all been selected in an intangible 
manner, important factors being the circumstances of exhumation and the 
necessity of utilising native help. One cannot put one’s finger readily upon the 
influences in this case though there is no doubt of their presence. At an earlier 
stage of our investigations I was strongly of the opinion that our Reserve male 
White crania are just about as heterogeneous as they could be, drawn as they 
are from all the countries of Europe. But our intensive studies of the material 
from year to year have shattered that illusion completely; we now find that 
they are indeed quite rigidly selected but by influences entirely unthought of, 
as I shall demonstrate elsewhere. If then, on the basis of non-selection, one 
use a least square formula one is apt to encounter quite discouraging results 
without warning. 

In Table VIII I have attempted to illustrate the essential truth of the 
foregoing statements. Taking a group of ten of the crania of this series we 
have calculated capacities from linear dimensions using for this purpose the 
diameters both of the fully dried skulls and of the fresh heads. In the latter 
calculations the necessary corrections have been made for thickness of the 
soft parts and for shrinkage during drying. Using Lee and Pearson’s least 
Square formula male White reconstructed No. 9(9), a suitable formula for a 
heterogeneous collection, we get an average deviation of over 100 c.c. with 
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either cranial or head diameters. This is unquestionably so inaccurate as to be 
useless, That is not the fault of the formula, the value of which has been 
demonstrated by the authors and confirmed in our laboratory (13); it is the 
logical result of using a general formula upon a selected unsuitable material. 


Table VIII. Calculation of cranial capacity from linear dimensions 


Mean errors in ¢.c. 


L. and P. Reconstr. male White No. 9 10 heads Fresh 102-8 
skulls Dried 104-8 


W. R. U. Regression male White No. 5 25 heads Fresh 101-0 
skulls Dried 63-0 


L. and P. Regression male German No.8 25 heads Fresh 64-6 
skulls Dried 40-8 


B-group W. R. U. male White No. 5 5 heads Fresh 31-5 
skulls Dried 12:1 


y-group L. and P. male German No. 8 12 heads Fresh 57-2 
skulls Dried 11-1 


I have next presented the results given by regression formulae, using for 
this purpose our own male White No. 5 (13) and Lee and Pearson’s male German 
No. 8(9). Now we find that Lee and Pearson’s formula gives a much better 
result than our own. The average error of the Lee and Pearson formula for 
dried skull dimensions is only 41 ¢.c., a strikingly good result. The average 
error of the same formula for fresh head dimensions is only 64 ¢.c. If we could 
always obtain this accuracy we should be entirely content. Turning to the 
results of our own male White formula we find an average error of 63 c.c. for 
dried skull dimensions and of 101 c.c. for fresh head diameters. At first sight 
this is very discouraging for it seems to indicate that the formula worked out 
with the greatest care upon our own material is less serviceable even for our 
own material than a formula devised from an entirely different population 
in which the safeguards emphasised in our work were not attainable. But the 
problem is not so readily disposed of. 

In another communication I shall be able to demonstrate that the material 
upon which these observations have been made is not the material used as the 
basis for calculation of our formula; different selective influences have been 
at work. The social turmoil after the war, industrial depression, the subversion 
of certain social orders, the prohibition amendment to the American constitu- 
tion, and perhaps most important of all, restriction of immigration and the 
actual exodus from this country during the past four years have combined 
to alter the character of our dissecting material. The year 1922 in which all 
these 25 cadavera, with one exception, were admitted, has brought us a material 
more closely related on the whole to the crania upon which Ranke made the 
observations utilised by Lee and Pearson, than to the crania characteristic 
of the war and pre-war years in this laboratory. This is a bold assertion, and 
I must ask the reader’s indulgence, pending publication of the complete series 
of observations upon which the statement is made. The material is indeed 
almost ready for the press. At this time I would mention that the basic prin- 
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ciple upon which it now appears possible to segregate crania is not cephalic 
index or race but the definite relation of cranial capacity to the several 
dimensions of the cranium. We have divided our crania into a, 8, y and 8 
groups. During and before the war the B group was greatly predominant 
and thus influences most markedly our formula male White No. 5. In 1922 
the y group appears in much larger numbers. This is also the dominant group 
in Ranke’s Altbaerische collection. Hence the better results given in our 1922 
material by Lee and Pearson’s formula male German No. 8. 

Among the 25 crania there are only five of the 8 group but twelve of the 
y group. At the end of Table VIII I have set out the average errors in com- 
putation of capacity of these groups, using for the 8 group our formula male 
White No. 5, and for the y group Lee and Pearson’s formula male German 
No. 8. Regression formulae for the other groups have not yet been worked 
out as we are still in process of identifying the examples. At once the accuracy 
of the mathematical method of computing capacity is apparent. The error 
for calculation from dried cranial diameters is well within that of individual 
direct determination and the error for the calculation from fresh head dimen- 
sion is small enough to justify further research into the method. The day is 
not distant when we shall be able to form a fairly exact idea of cranial capacity 
from head diameters. That reasonable accuracy should be attainable is 
evident from the demonstration by Blakeman, Lee and Pearson of reasonable 
probability that the brain-weight of living individuals can be calculated with 
a mean error of not more than 50 gms. (3). 


TRANSFERENCE OF OUR RESULTS TO OTHER POPULATION SAMPLES 


The next logical stage of this investigation would be the transference of our 
results to other population samples, a step which cannot be undertaken, as we 
have shown, without very careful safeguards. It will not suffice to say that, 
since we have obtained certain results upon a dissecting room population, these 
dimensions of soft parts can be directly used for the prediction of head dimen- 
sions upon, say, a grave-yard sample of skulls. We have confirmed Pearson’s 
assertion of a negative correlation between skull diameters and the amount 
of covering flesh. When we shall have amassed a considerably larger amount 
of data it will be possible to compute formulae for deriving skull measurements 
from those on the cadaver and vice versa. Although the formulae will be 
obtained upon specific populations it should be possible, within limits, to 
utilise the formulae for other populations. At a later date this will be carried 
out and we shall be able to test its value by checking very diverse samples 
against others. 

Until such time as this procedure becomes feasible we consider it wise to 
refrain from any predictions as to the value of the formulae. We content 
ourselves then with the presentation of such facts as we have so far obtained. 
These are the necessary preliminary to the further work which has been 
outlined and we hope that meantime others will endeavour to carry out check 
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series of observations by which the accuracy of prediction will ultimately be 
enhanced. 
SUMMARY 

1. We have described a form of head-spanner for obtaining auricular height 
upon the cadaver and in the living. The instrumental error of this apparatus, 
as checked against the Reserve craniostat, is 0-3 mm. 

2. The instrumental errors have been reviewed for the several instruments 
necessary to measurement of greatest length and greatest breadth upon the 
head and upon the skull. 

8. The relative accuracy of various instrumental methods of obtaining 
auricular height are shown in detail. 

4, Although full presentation of the thesis must be postponed, it is indi- 
cated that the subcutaneous tissues of the cadaver do not accurately represent 
the condition of the soft tissues during life. The average difference in auricular 
height between the cadaver fresh and embalmed is 2-6 mm. Consideration of 
the variabilities' of length and breadth suggests that the probable true difference 
in each of these dimensions is 5-2mm. This amount should be added to the 
dimension in the fresh cadaver in order to obtain the approximate breadth in 
life but for reasons stated in the text 7-8 mm. should be added to length to 
obtain the real living value. 

5. The average thickness of the soft tissues of the scalp has been ascertained 
for small samples of a general population and for male Whites alone. For male 
Whites these averages are: height (vertex) 5-8 mm., length (glabello-opisthion) 
5-1 mm., breadth (Euryon) 7-0 mm. 

6. Shrinkage of the skull in drying having already been ascertained, it 
is possible, from the measurements on the dried skull, to compute the probable 
dimensions of the head in the fresh cadaver or in the living. The accuracy for 
a small sample of male Whites is within 0-9 mm. of the directly ascertained 
average for each dimension. 

For individuals the deviation is naturally greater, but the average accuracy 
is within 6-6 mm. of the total of the three dimensions as directly determined. 
This has been shown to correspond to an accuracy in cranial capacity of 
within 50 c.c. 

From the magnitude of the variabilities in thickness of the scalp it is 
desirable, in the calculation of cranial capacity from head dimensions, to use 
a formula in which the diametral errors of opposite sign will tend to eliminate 
each other. It is probable that ultimately least square formulae will give 
better results than regression formulae because the former tend to diminish 
differences in the comparative value of the several diameters. It is not possible 
at the present time to devise such formulae since we have not yet clearly 
differentiated the various types of skull upon a basis of the relation of capacity 
to diameters. When this shall have been done and the appropriate least square 
formula can be applied, there is reasonable probability that we may hope for 
an average individual error of not more than 50 c.c. 
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RARE CONGENITAL MALFORMATION OF HANDS 
AND FEET 


By J. S. MANSON, M.D. 
Warrington. 


H. F., the subject of the deformities to be described, is a railwayman in the 
permanent way department, who has always been able to perform his work 
efficiently. He is now 50 years of age. 

Hands: Both hands show the same condition; the fingers are deviated to 
the ulnar side at the metacarpo-phalangeal joints which are prominent. There 
is distinct hollowing of the palms, and the Ist carpo-metacarpal joint is very 
prominent. 

Skiagraph I shows bony condition of the right hand. The 1st metacarpal 
articulates laterally with the trapezium which is closely attached, if not 
altogether fused, to the base of the 2nd metacarpal bone. The condition of 
the left hand is precisely similar. 

Skiagraph II shows bony condition of the left hand. 

Feet: Both feet show the same features. On the dorsum there is a great 
prominence in front of the ankle joint, the toes are deviated outwards. The 
plantar aspect shows a very high plantar arch more correctly described as a 
hollow. The condition is an exaggerated form of pes cavus. 

Skiagraph III shows the bony condition of the left foot. The scaphoid 
stands up prominently on the dorsum, and its inferior border ends in a rather 
sharp wedge. The internal cuneiform is peculiar in shape, and seems partially 
fused to the base of the Ist metatarsal. The angle formed by the junction of 
the longitudinal axes of the os calcis and the 1st metatarsal is almost a right 
angle. 

H. F. has 2 sons and 1 daughter. The elder son’s hands and feet are normal. 
The daughter has normal hands, and moderately high plantar arches. The 
younger son, aged 15 years, has well marked plantar arches in both feet. 

Skiagraph IV shows bony condition of right foot in the younger son. 

The parents of H. F. are alive, and their hands and feet were examined. 
The father was normal. The mother has very high plantar arches in both feet 
but no obvious abnormality of the hands. A sister has well marked plantar 
arches and normal hands. The feet and hands of two brothers who live in the 
locality are quite normal. One brother showed abnormal increase of movement 
in the left thumb, but an X-ray plate showed the articulations to be quite 
normal. 
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A NOTE ON A CASE OF BIFID PENIS 


By ALEXANDER LIPSCHUTZ, 
Professor of Physiology at the University of Dorpat, Estonia. 


A cass of bifid penis with penile hypospadias is described by Pires de Lima (1), 
in a man of 58 years of age. In this case the body of the penis is said to be 
short and wide, ending in a double well developed, though imperforate, glans. 
The urethral opening is present on the ventral surface of the organ, at a distance 
of 4 centimetres from its distal end, and 2 centimetres from the scrotum. This 
malformation, according to the patient, does not affect his sexual functions. 
He is married, and is the father of five children. 

Another case of bifid penis with hypospadias is described in Rassegna di 
Studi Sessuali (2), but in this case the separation of the glans is less complete. 
This man is said to be sexually normal. 


Fig. 1 


A case of bifid penis which involves both the body and glans, with possibly 
a hypospadias, is shown in the accompanying photographs, which were taken 
of a patient in the Surgical Clinic of the University of Dorpat. In this case 
the body and glans show complete separation into two parts, giving the 
appearance of a double penis. The body and glans of each half appear of usual 
length, but together are slightly wider than normal. The scrotum and testicles 
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are normal in size and position, and this taken in conjunction with the secondary 
male character of the triangular-shaped distribution of the pubic hair, would 
indicate that the patient was sexually normal. 

It is to be regretted that no other details of this case are available, as the 
hospital archives were lost during the war and revolution. 

I am indebted to my colleague, Professor K. Konik, director of the Surgical 
Clinic of Dorpat University, for permission to publish the photographs. 
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ON THE HOMOLOGIES OF THE SKULL 
OF THE CYCLOSTOMATA. 


By EDWARD PHELPS ALLIS, Jr. 
Menton, France. 


Iw a recent work (Allis, 1923), I have been led to conclude that the polar and 
trabecular cartilages of the Gnathostomata are, respectively, the pharyngeal 
elements of the mandibular and premandibular arches; and in several earlier 
works (Allis, 1918, 1919, ete.) I have sought to establish that the lateral wall 
of the pars jugularis of the trigemino-facialis chamber of the Gnathostomata, 
wherever present, and the hyomandibula of the Ganoidei, Crossopterygii and 
Teleostei are, respectively, special developments of the branchial-ray bars of 
the mandibular and hyal arches. In the present article I shall assume these 
conclusions to be correct, and attempt to interpret the skull of the Cyclo- 
stomata in accordance with them. 

The parachordals of the Cyclostomata are short plates lying one on either 
side of the anterior end of the notochord. The tip of the notochord is exposed 
between their anterior ends, and lies in the horizontal plane of the posterior 
portion of the chorda, without flexure either upward or downward. The para- 
chordals are continued forward by the so-called trabeculae, which lie in the plane 
of the parachordals and diverge slightly from each other, and they, in turn, are 
continued anteriorly by the so-called palatines. A zone of so-called soft cartilage 
may intervene between the trabecula and palatine of either side, this suggesting 
that the two elements are of independent origin. Arising from this intervening 
zone in Myxine (Cole, 1905), and from the corresponding part of the continuous 
bar in Bdellostoma (Ayers and Jackson, 1901), there is a short mesially directed 
process which fuses with the lateral edge of the so-called hypophyseal plate, 
and the nervus opticus runs outward across this part of the trabeculo-palatine 
bar. In larvae of Petromyzon (Parker, 1883) the conditions differ only in that 
there is no mesially directed process arising from the trabeculo-palatine bar, 
and that the nervus opticus crosses the dorsal surface of the bar slightly 
posterior to what would seem to be the line of fusion of its two components. 
The so-called palatines extend forward to the ethmoidal region and there fuse 
with each other in the median line. The pituitary body lies in the space 
enclosed between the trabeculae. 

The so-called trabeculae and palatines of these fishes are thus, in their 
topographical relations to each other, to the parachordals, to the pituitary 
body, and to the optic nerves, strictly comparable to the polar and trabecular 
cartilages of the Ganoidei and Teleostei, and as their relations to the veins 
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and arteries of the region are also in accord with this assumption, as shown 
immediately below, they will hereinafter be so referred to. 

The only detailed descriptions that I have at my disposal of the veins and 
arteries of this region are those by Cori and Favaro. According to Favaro 
(1908, pp. 365-366), Vogt (1889-94) describes a circulus cephalicus in Petro- 
myzon fluviatilis, and Jammes (1904) one in Petromyzon marinus. Cori (1906), 
however, did not find this circulus in the Ammocoetes of Petromyzon fluviatilis; 
Favaro says that Sterzi (1907) did not find it in the specimens of Petromyzon 
examined by him, which are referred to as the “einheimischen Petromyzonten” 
and hence probably included both Petromyzon fluviatilis and Petromyzon 
marinus; and I do not find it in a 60 mm. specimen of Entosphenus tridentatus. 
This circulus is thus certainly not a constant feature in these fishes. 

Cori calls the lateral dorsal aorta the arteria carotis dorsalis, while Sterzi 
(quoted from Favaro) calls it the carotis interna. Cori says of it (1906, p. 30): 
“Im Bereiche der Augen jedoch riicken sie (the dorsal carotids) an die mediane 
Kante der Trabekeln, welche sich vermége ihrer lyraférmigen Kriimmung mit 
ihren Vorderenden von der Chorda mehr und mehr entfernen. Eine kurze 
Strecke vor den Enden des Trabekels iiberkreuzt jederseits die Carotis den- 
selben und ist dann als ein nahezu gerade verlaufendes Gefiass bis zum Geruchs- 
organ zu verfolgen.” The use, here, of the word “iiberkreuzt” would certainly 
seem to mean that the carotid (lateral dorsal aorta) ran upward along the 
mesial surface of the polar cartilage (Cori’s trabecula), and then crossed its 
dorsal surface, but, as will be later shown, this is either exceptional in these 
fishes or is a feature of Ammocoetes and not of the adult Petromyzon. 

Having reached the anterior end of the polar cartilage in the manner above 
set forth, the lateral dorsal aorta of Ammocoetes is said by Cori to separate 
into three branches. Two of these branches are the anterior and posterior 
cerebral arteries. The third branch is called by Cori the vena spiraculi, and 
of it he says (1906, p. 81): “‘ Die Abzweigung der vena spiraculi aus der Carotis 
dorsalis findet an der Stelle statt, wo letzere das Ende des Trabekels erreicht hat 
und noch medial von diesem liegt. Die Spiracularvene schlagt sich dann um 
die Trabekelspitze herum und nimmt ihren Verlauf lateral von dem Trabekel 
in nahezu gerader Richtung nach riickwarts...”’; and in the figure that accom- 
panies this description, the lateral dorsal aorta and the vena spiraculi both 
seem to lie internal to shading that represents the polar cartilage. The vein 
then turns downward and enters the velum, where it is connected, by capillary 
vessels, with the arteria spiraculi, which carries arterial blood. These two 
vessels, the vena and arteria spiraculi, are therefore considered by Cori to 
represent an aortic arch, and as it lies next anterior to the hyomandibular 
(hyal) arch, it is said to be the mandibular aortic vessel, and the velum, which 
lodges it, to be a persisting portion of the mandibular arch. The arteria spira- 
culi of Cori’s descriptions is, accordingly, the afferent artery of this arch, and 
the vena spiraculi the efferent artery. The hyomandibular (spiracular) cleft, 
before its obliteration, should therefore have lain immediately posterior to the 
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velum, and both Cori and von Kupffer (1900) consider it to have had that 
position. 

Anterior to this mandibular aortic arch, Cori describes (loc. cit. pp. 21 and 
34) still.another arterial connection between the dorsal and ventral arterial 
trunks, It lies in the margin of the upper lip, is formed by the so-called ramus 
labialis communicans together with terminal branches of the arteria lingualis 
and the arteria facialis (lateral dorsal aorta), and Cori suggests that it quite 
probably represents a premandibular aortic arch. 

In the specimens of Petromyzon described by Sterzi, a radically different 
arrangement of the lateral dorsal aorta and efferent mandibular artery is 
found. According to him (see Favaro, 1908, p. 366) the lateral dorsal aorta 
(his carotis interna) becomes imbedded, in the region of the pituitary fossa, 
in the perichondrium of the basis cranii, and while there separates into two 
branches, one of which enters the cranial cavity and is the arteria cerebralis. 
The other and larger branch continues “in der Dicke der Basis cranii nach 
vorn fort, umfasst medialwarts den Recessus hypophyseos und beigt dann 
abwarts und nach vorn um, um in den vorderen Kopfteilen zu enden.”’ The 
lateral dorsal aorta of the specimen, or specimens, here referred to thus 
evidently crosses the ventral edge of the polar cartilage, and the efferent 
mandibular artery must necessarily join it at some point actually, or morpho- 
logically, ventral to that cartilage. 

In a 60 mm. specimen of Entosphenus tridentatus, I find conditions strictly 
similar to those described by Sterzi, the so-called perichondrium of his 
descriptions being a thick layer of fibrous tissue that extends from one polar 
cartilage to the other, immediately internal to the lining membrane of the roof 
of the pharyngeal chamber, and the lateral dorsal aorta issuing from this 
tissue, ventral to the polar cartilage, before receiving the efferent mandibular 
artery. 

It is thus seen that, as described by Cori, the lateral dorsal aorta and the 
efferent mandibular artery of the Ammocoetes of Petromyzon fluviatilis have 
to the polar cartilage the relations that the corresponding arteries of the 
Selachii have to that cartilage, while in the specimens of Petromyzon examined 
by Sterzi, and in Entosphenus tridentatus, these same arteries have to the polar 
cartilage the relations that they have in the Holostei and non-siluroid Teleostei 
(Allis, 1923). Furthermore, this selachian disposition of these arteries in 
Ammocoetes exists without the presence of a circulus cephalicus, which I con- 
sidered of prime importance in this connection. It may therefore be that there 
is error here, either in Cori’s descriptions or in my interpretation of them. 
Otherwise it must be, either that these arteries vary in this important respect 
in different individuals or species of Petromyzon, which seems improbable, 
or that the lateral dorsal aorta of these fishes shifts from the mesial to the 
lateral surface of the trabeculo-polar bar during metamorphosis, as it does at 
a certain stage of development in Amiurus (see Allis, 1923). In the descriptions 
of Amiurus, however, the efferent mandibular artery is not described, and there 
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is nothing to indicate that it joins the lateral dorsal aorta dorsal, instead of 
ventral, to the trabeculo-polar bar. Aside from these relations of these two 
arteries of Ammocoetes to the polar cartilage, their general arrangement and 
distribution resembles that in Polypterus and the adult Amiurus (Allis, 1908 a, 
1908 b) much more than it does that in the Selachii. 

The pharyngeal basket may now be considered. This part of the cranial 
skeleton of these fishes has usually been considered to be formed by the fusion 
of a quadrate, or pterygoquadrate, with certain parts of the cartilaginous bar 
of the hyal arch, but the course of the ramus maxillo-mandibularis trigemini 
ventral, instead of dorsal, to the so-called quadrate has frequently been cited 
as unfavourabie to the inclusion of that element in the basket. The basket of 
the Petromyzontidae is connected with the cranium by two dorso-mesial 
processes, both of which are assigned to the pterygoquadrate; the epihyal and 
ceratohyal are considered to be represented in the so-called stvliform process, 
which projects ventro-posteriorly from the hind edge of the subocular portion 
of the basket; and the anterior dorso-ventral bar of the branchial basket to 
be formed by the extrahyal. The basket of the Myxinoidea is connected with 
the cranium by three processes, the anterior two being assigned to the pterygo- 
quadrate and being considered to be the homologues of the two processes of 
the Petromyzontidae, while the posterior one is assigned to the hyal arch and 
is called by Parker (1883) the hyomandibula. Sewertzoff (1913) considers the 
entire pharyngeal basket of Petromyzon to belong to the mandibular arch, 
and the “hyomandibulare + hyoideum” to be represented in the extrahyal 
of Parker’s descriptions. The ethmopalatine and prepalatine of Parker’s 
descriptions are said by Sewertzoff to represent a first premandibular arch, the 
posterior upper labial cartilage to represent a second premandibular arch, and 
the anterior upper labial a third such arch. The mouth is said to be terminal, 
and to be bounded by elements that lie anterior to the third premandibular 
arch. 

Neither of the above mentioned interpretations of the basket is wholly in 
accord with its relations to the nervi trigeminus and facialis, and my work leads 
me to suggest that the pharyngeal basket of these fishes has been developed from 
what I have described, in other fishes, as the branchial-ray bars of the man- 
dibular and hyal arches. In the gnathostome fishes the tissues from which the 
branchial-ray bars of the mandibular arch are developed lie, primarily, on either 
side of the ramus maxillo-mandibularis trigemini slightly distal to its ganglion. 
They are primarily wholly independent of the branchial bar of the arch, and they 
later fuse with each other both dorsal and ventral to the nervus trigeminus, 
and then with the cranial wall both dorsal and ventral to the vena jugularis. 
The tissues that lie anterior to the nerve thus give origin to the parasphenoidal 
leg of the alisphenoid, which has its ventral attachment at the anterior end 
of the polar cartilage; the tissues that lie posterior to the nerve giving origin 
to that part of the lateral wall of the pars jugularis of the trigemino-facialis 
chamber that lies between the nervi trigeminus and facialis, and has its ventral 
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attachment in the region of the hind end of the polar cartilage. In the hyal 
arch the corresponding tissues lie on either side of the ramus hyomandibularis 
facialis, and, in the Holostei and Teleostei, give origin, respectively, to the pre- 
facialis and postfacialis portions of the teleostean hyomandibula. In Polypterus 
and the Chondrostei the prefacialis tissues alone undergo chondrification, and 
form the hyomandibula of those fishes, which is thus the equivalent of one half 
only of the hyomandibula of the Holostei and Teleostei. 

In the Amphibia these same tissues are found, but the mandibular portion 
there fuses with the quadrate, instead of with the cranium, and forms its 
ascending and otic processes, 

Let it be assumed that these same branchial-ray tissues were present in 
the mandibular and hyal arches of the Cyclostomata. When, in the mandibular 
arch, the pharyngeal element swung upward and forward into the plane of 
the parachordals, the tissues that form the branchial-ray bars of the arch would 
be pulled somewhat away from the epal element, to which they were primarily 
related, and would lie slightly lateral to the pharyngeal element, which becomes 
the polar cartilage. Let it be further assumed that they did not then grow 
upward to any extent, but simply fused with each other both dorsal and 
ventral to the ramus maxillo-mandibularis trigemini, and then, having under- 
gone chondrification, fused, by their ventral ends, with the polar cartilage, the 
latter cartilage having already fused with the parachordal and so become part 
of the cranium. That part of the cartilage that forms the anterior fusion with 
the cranium would then lie between the nervus ophthalmicus profundus and 
the ramus maxillo-mandibularis trigemini, and would correspond to the para- 
sphenoidal leg of the alisphenoid (processus ascendens quadrati) of the gnatho- 
stome fishes, while the cartilage that forms the posterior fusion would lie 
between the nervi trigeminus and facialis and would correspond to the lateral 
wall of the trigemino-facialis chamber (processus oticus quadrati). This would 
fully account for the relations of the nerves to this part of the basket, and 
that the basket was primarily wholly independent of the cranium is shown by 
the conditions that I described in what was probably a 12 cm. specimen of 
Bdellostoma, but was said, doubtless by typographical error, to be a 12 mm. 
one, for in that specimen the basket was wholly free from the cranium. And 
that it is by their ventral, and not by their dorsal ends that the branchial-ray 
bars here fuse with the cranium is shown by comparison with Necturus and 
the tadpole of Rana, for in both these amphibians the dorsal ends of these two 
bars either abut against or fuse with the cranium ventral to the foramina of 
the related nerves, and in both of them the nervus ophthalmicus profundus 
runs downward posterior to the processus ascendens quadrati, and the ramus 
maxillo-mandibularis trigemini forward dorsal to it; which, while apparently 
exactly the reverse of the relations of these nerves to the process of Ammo- 
coetes, is, nevertheless, morphologically exactly the same (see Allis, 1903, 
pp. 826-827). 

In the hyal arch, the anterior branchial-ray bar has undergone chondri- 
fication in the Myxinoidea, and forms a third connection of the basket with 
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the cranium. It lies posterior and dorsal to the nervus facialis, that nerve 
running posteriorly ventral to it and then turning outward and forward around 
the hind edge of the basket. This process thus has to this nerve the relations 
of the prefacialis portion of the teleostean hyomandibula, and it must therefore 
be that it is the dorsal end of the branchial-ray bar, instead of its ventral end, 
that has here fused with the cranium; and that such is the case is furthermore 
indicated by the conditions shown in one of Cole’s figures of Myxine (Cole, 
1909, fig. 1), the process there fusing with the lateral wall of the auditory 
capsule near the middle of its height. The postfacialis portion of the hyoman- 
dibula would then probably be represented in that little posteriorly directed 
process on the hind edge of the bar that forms the posterior boundary of 
that perforation of the basket that is called fenestra 3, for the nervus facialis 
runs downward and forward dorso-anterior to it. The remainder of the basket 
would then probably be developed wholly from the branchial bar tissues of 
the hyal arch, and not from the branchial-ray tissues. 

In Petromyzon, this third connection of the basket with the cranium does 
not exist, and it is probable that neither of the branchial-ray bars of the hyal 
arch chondrify. The course of the nervus hyomandibularis facialis should give 
positive indications as to this, but I do not find it satisfactorily described. 
Parker says (1883, p. 415): “The facial nerve emerges behind the pedicle 
and then passes to the inside of the forking cartilage”; and this so-called 
forking cartilage would seem to be the epi-ceratohyal of his descriptions, for 
in his Plate XVIII, fig. 5, he shows the nerve running ventrally internal to it. 
This relation of nerve to cartilage is, however, the direct opposite of what is 
always found in the gnathostome fishes, provided the cartilage is the epi- 
ceratohyal. If it is of mandibular, instead of hyal, origin, the position of the 
nerve internal to it would be normal, and this is possibly what led Sewertzoff 
to assign it to the mandibular arch. Fiirbringer, however, says (1875, p. 67) 
that this nerve of Petromyzon runs forward between the eye and the subocular 
arch, and hence external to the epi-ceratohyal; and Johnston (1905, p. 161) 
says that, after giving off several branches, the main trunk of the facialis 
“gains the outer surface of the branchial cartilage,’ and this latter cartilage 
must evidently be some part of the pharyngeal basket. It therefore seems fairly 
certain that this nerve of Petromyzon runs outward posterior to the post- 
trigeminus connection of the pharyngeal basket with the cranium, and then 
turns ventro-anteriorly external to the epi-ceratohyal of Parker’s descriptions. 
There is, accordingly, no homologue of the prefacialis portion of the teleostean 
hyomandibula in this fish, and if the postfacialis portion is present it must 
be represented in some part of the extrahyal of Parker’s descriptions. 

The relations of the two or three processes of the pharyngeal basket of the 
Cyclostomata to the cranial nerves are thus in accord with their being the 
branchial-ray bars of the mandibular and hyal arches. Their relations to the 
venae capitis media and capitis lateralis are, however, not the same as those 
of the corresponding processes of the gnathostome fishes. In the latter fishes 
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these two veins unite in variable manner to form the vena jugularis, and that 
vein always traverses the pars jugularis of the trigemino-facialis chamber, 
when that part of the chamber is present, thus lying between the points of 
fusion of the dorsal and ventral ends of the branchial-ray bars with the cranial 
wall. In the Ammocoetes of Petromyzon fluviatilis the points of fusion of the 
ventral ends of the bars lie between the two veins, as described immediately 
below. What the relations of these processes to the veins are in the Myxinoidea 
I do not know, for I find no description of the veins in Myxine, and I have 
not been able to consult Jackson’s (1901) descriptions of them in Bdellostoma. 

It may here be stated that the trigemino-facia]lis chamber of my descriptions 
of Bdellostoma (Allis, 1908), which was said to lie in the membranous lateral 
wall of the cranium, is, in reality, only the pars ganglionaris of that chamber, 
for the venae capitis media and capitis lateralis both lie wholly external to it. 
The chamber of this fish, and hence probably also that of others of the Cyclo- 
stomata, thus lacks a pars jugularis, as it also does in many of the Gnatho- 
stomata. When the work above referred to was published, I had not yet 
determined that there are two distinctly different parts to this chamber of 
fishes, and that they are frequently completely fused with each other, as in Amia, 

The vena capitis media of Ammocoetes, which is the cephalic portion of 
the primitive vena cardinalis anterior, is said by Cori (1906) to begin along the 
edge of the upper lip in a vein called by him the vena facialis. Running posteriorly 
this vein receives the vena veli dorsalis, coming from the velum, then the so- 
called vena mandibularis, which lies parallel to, and immediately anterior to, the 
“*Pseudobranchialrinne,”’ and then passes ventral to the pharyngeal basket and 
ventral to the dorsal end of the glossopharyngeus branchial bar, and unites with 
the vena capitis lateralis to form the vena cardinalis anterior. As the vein traverses 
the otic region it lies along the lateral surface of the aorta, in a fold of the 
epidermis that projects ventrally into the pharyngeal chamber, thus lying 
definitely ventral to the chorda; this doubtless accounting for the fusion of 
the mandibular branchial-ray bars with the parachordal dorsal, instead of 
ventral to the vein. Immediately anterior to the otic capsule the vein gives 
off a so-called vena cerebri media, which runs upward lateral to the trabeculo- 
polar bar, between the trigeminus and {acialis ganglia, and falls into the vena 
capitis lateralis, thus forming a connecting branch between these two veins 
which corresponds to the branch found in similar position in the Gnathosto- 
mata. In Ammocoetes, however, the vena capitis media persists posterior to 
this point, while in the Gnathostomata it aborts from this point to the point 
where the next posterior communicating branch to the vena capitis lateralis is 
given off. In Cori’s figure of these veins it is, however, to be noted that there 
is apparently a break in the vena capitis media posterior to the communicating 
branch above referred to, and it is not fully evident how the blood from his 
vena facialis reaches the proximal end (base) of the vena capitis lateralis. No 
pituitary vein is described, the pituitary body doubtless being drained, as it 
is in Amiurus (Allis, 1908 b), by intracranial veins. 
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The vena capitis lateralis is said to begin, at the anterior end of the brain, 
as the vena cerebri anterior, to run posteriorly dorsal to the eye and to the 
ophthalmicus, trigeminus and facialis ganglia, to receive the communicating 
branch from the vena capitis media above described, and then, at the hind 
end of the otic capsule, to receive a large vena cerebri posterior. The capitis 
lateralis then turns ventrally between the glossopharyngeus ganglion and the 
latero-sensory ganglion of the vagus, and then posteriorly ventral to the latter 
ganglion but apparently dorsal to the remainder of the ganglion of the vagus, 
though this is not definitely stated. The vein here passes dorsal to the dorsal 
end of the branchial bar of the glossopharyngeus arch, and then separates into 
two parts, both of which turn downward and join the vena capitis media to 
form the vena cardinalis anterior, which runs posteriorly dorsal to the dorsal 
ends of the remaining branchial bars. 

The vena capitis lateralis of this fish thus lies ventral to the latero-sensory 
ganglion of the vagus, but dorsal to all components of the more anterior ganglia. 
In the gnathostome fishes this vein lies dorsal to all the components of the 
acustico-facialis ganglion, but ventral to the latero-sensory components of 
all the other cranial nerves, the rami ophthalmicus superficialis and buccalis 
being considered to belong to the trigeminus nerve. There should then, if 
the relations of this vein to the latero-sensory ganglia is of morphological 
importance, be no latero-sensory component in either the ophthalmicus, tri- 
geminus or glossopharyngeus ganglia of Petromyzon, and this is in accord 
with Favaro’s (1910) statement that all the fibres distributed to the latero- 
sensory organs on the head of this fish issue from the cranium with the nervus 
facialis and form a separate and independent ganglion which lies beneath the 
otic capsule. From this ganglion a nervus lateralis anterior arises and separates 
into three branches, a ramus buccalis, an anastomosis gangliorum lateralium 
(ramus recurrens facialis), and a nerve which is said to join and accompany 
the nervus ophthalmicus profundus and innervate a line of latero-sensory 
organs which is considered to be the homologue of the supraorbital line of the 
Gnathostomata. Allcock (1898), however, finds this latter line of organs 
innervated by the ramus buccalis, in the Ammocoetes of Petromyzon planeri, 
and I so find it innervated in Entosphenus tridentatus. It is therefore possible 
that the so-called supraorbital and suborbital lines of organs of these fishes 
are both innervated by a nerve that is the homologue of that branch of 
the ramus mandibularis externus facialis of the Holostei and Teleostei that 
innervates the cheek lines of pit organs of these fishes, and that, like the 
horizontal cheek line of Esox (Allis, 1898, p. 441 and 1904, fig. 6), these lines 
of organs of Petromyzon have been shifted bodily forward to the positions 
they actually occupy. 

There is thus nothing, either in the veins or arteries of the region, or in the 
peripheral distribution of the cranial nerves, that is unfavourable to the inter- 
pretation, above proposed, of the skull of these fishes. The hypophyseal canal 
must have lain, primarily, between the trabeculae (pharyngopremandibulars) 
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and morphologically dorsal to them (Allis, 1923), but it has been pressed down- 
ward by growth of overlying parts of the brain, and hence has, in Petromyzon, 
a curved course, and lies, in thé middle of its length, ventral to the horizontal 
plane of the trabeculo-polar bars. In Myxine, the lowest part of this curved canal 
apparently came in contact with the roof of the pharyngeal chamber, and, the 
intervening tissues then breaking down, the naso-pharyngeal canal arose. The 
hypophyseal plate, which underlies this canal, is then simply an intertrabecula 
pushed downward into a more ventral position, and the two short processes 
that connect it with the trabeculo-polar bar are the homologue, together, of 
the preclinoid wall of the Gnathostomata; as already suggested in an earlier 
work (Allis, 1903, p. 324), 

The vena facialis is said by Cori to be in capillary relations with the ramus 
labialis communicans, which, as already stated, is an arterial vessel lying along 
the margin of the upper lip and forming a connection between the ventral and 
dorsal arterial trunks; and Cori suggests that this latter vessel may represent 
a premandibular aortic arch. The lateral labial cartilage of Bdellostoma has 
a similar course in the lip of that fish, and if there is here an arterial vessel 
similar to that in Ammocoetes, which seems exceedingly probable, the labial 
cartilage would have the relations to it of the branchial bar of the arch. This 
cartilage is fused ventrally with the anterior end of the basal plate, and its 
dorsal end is in close relation to the anterior end of the cornual cartilage. The 
latter cartilage arises from the anterior end of the trabecula (so-called palatine), 
and extends forward in a curved line. If, therefore, the trabecula is the pharyn- 
geal element of the premandibular arch, the cornual and lateral labial cartilages 
would have the relations to it of the epal and ceratal elements of the same 
arch, and the tentacular cartilages would be related branchial rays. The 
mandibular cleft should then lie posterior to this arch, between it and the 
velum (mandibular arch), and von Kupffer (1900) here describes a longitudinal 
groove in the roof of what he calls the primary mouth cavity, the groove 
extending from the region of the optic vesicle to the hyomandibular visceral 
pouch. Von Kupffer refers to this groove as a pouch, or pocket (Tasche), and 
the evaginations of the branchial clefts are all referred to by the same term 
(Kiementasche). He does not suggest that the prevelar pouch represents a 
mandibular cleft, but whatever its nature may be, if the arteries and cartilages 
above referred to represent the premandibular arch, the mouth would be a 
median terminal opening lying between the premandibular arches of opposite 
sides. 
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MALFORMATION OF THE DIAPHRAGM IN A DOG 


By D. T. BARRY, D.Sc., F.R.C.S., 
AND 
EVELYN DONEGAN, B.Sc. 


Physiological Department, University College, Cork. 


On opening the thorax of a pregnant bitch for the purpose of doing some 
experiments with the heart-lung preparation, we were at once struck by the 
abnormal appearance of things. The guiding finger behind the sternum met 
with no resistance such as is usually offered by the diaphragm after the xiphi- 
sternal cartilage is split. On completing the sternal cut the left lobe of the 
liver presented itself in the upper part of the left side of the thorax, and between 
it and the thoracic wall, as high as the level of the third rib, some coils of small 
intestine were seen; the heart was pushed to the right; there had been no 
occasion to palpate the apex-beat prior to opening. The pericardial sac was 
complete, and the heart rested in a pit.on the upper surface of the liver, partly 
on the right lobe and partly on the left, without the intervention of a diaphragm. 
It was held there by a short fold of pericardium attached to the anterior border 
of the diaphragm, behind, where the liver was also adherent. It was obvious 
at once that there was a defect in the diaphragm, which was then carefully 
examined. 

The diaphragm presented a concave anterior border, for the most part 
free, but adherent to the liver behind the heart. The opening of the vena cava 
was about one inch behind this border, and the oesophageal opening about 
two inches behind it to the left of the vena cava (fig. 1). There was a large 
gap between this border and the front wall through which there was prolapse 
of a great part of the liver, the stomach and the small intestine into the thorax. 
The right lobe of the liver was adherent to portions of the anterior edge. This 
concave edge was limited on the left by attachment to the tenth costal cartilage 
and on the right to the ninth. The posterior portion of the diaphragm was 
perfectly formed and there was complete closure there. 

The anterior tongue of the central tendon of the diaphragm ends in the 
pericardial fold. The central part of the diaphragm through which passes 
the oesophagus is thick and muscular; and while this is normal in the dog there 
is, however, an excess of muscle in this area; the vena cava opening is also 
surrounded by muscle but in thinner layers than the oesophageal. The chief 
tendinous parts are two lateral portions as seen in fig. 1. Blair describes many 
accessory muscle slips in the tendon of the human diaphragm (Journ. Anat. 
Lyi. Part 11, p. 214, 1923). In this animal’s diaphragm there certainly was 
abundance of muscle which looked like compensatory growth. The ribs and 
conformation of the thorax were normal. 

The left lung was considerably pressed upon by the abdominal viscera; 
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Fig. 1. Drawing of the upper surface of diaphragm. 


the edge of the liver compressing the vessels at the root and causing considerable 
congestion of the base and portions near the root. This lung weighed 85 gms. 
the right lung weighed 107 gms. 

Remarks: Evidently the malformation here affected that portion of the 
diaphragm which is developed from the septum transversum. The connective 
tissue which lies over this part in the embryo for some reason did not develop. 
The possibility of a traumatic injury to the diaphragm may, we think, be 
excluded, from the shape of the portion which was intact and its limitations. 
The parts formed from the mesentery, the pleuro-peritoneal membrane, were, 
as stated, perfect, and the gap corresponded exactly with that part derived 
from the septum transversum. The gastro-hepatic omentum with the foramen 
of Winslow were in their normal condition, though of course dragged to the 
left and upwards with the stomach. 

The unusually large gravid uterus, containing five foetuses near term must 
have aggravated the condition, being probably the chief factor in the obstruc- 
tion to the pulmonary circulation. 

We have, unfortunately, no present opportunity of going extensively into 
the literature of this subject, but we consider the condition of sufficient interest 
to be reported. 














THE SCALENUS MEDIUS 


By B. S. NAT, M.B., Cu.B. 


‘Tue Scalenus Medius is described in text-books of anatomy (Quain, Gray, 
and Cunningham) in an indefinite and vague manner. In describing its relations 
the text-books do not seem to be clear about its general shape and its surfaces. 
Further there is no attempt made to define its relations with the first levator 
costae muscle—a clear conception of which is essential for understanding the 
shape and relations of the scalenus medius. I am giving here a description 
of the muscle as I found it in all the specimens which I examined for this 
purpose in University College, Dundee. 

The scalenus medius is best described (from the point of view of descriptive 
anatomy) as a flat muscle folded on itself, making a sort of prism with one 
side (inner) hollowed to form a deep gutter: so in a transverse section it is 
as shown in the figure. It arises by slips from the anterior aspect of the true 
transverse processes of the lower six cervical vertebrae (not from the tips 
of these transverse processes, which form the posterior tubercles). Occasionally 
a thin “areolar-tissue-like” slip may be seen passing to the transverse process 
of the atlas. The upper slips of origin are mostly tendinous and thin, but the 
lower ones are of considerable thickness and have fleshy fibres mixed with 
tendinous ones. These slips lie immediately behind the issuing spinal nerves. 

The disposition of the muscle shown in the figure, where it seems to be 
wrapped round the transverse process and posterior tubercle, is brought about 


by the fibres of the upper slips of origin—which would form the lateral border ° 


if the muscle were flattened out—passing down behind the transverse processes 
below and lying against their posterior surfaces: they may be attached to 
these by dense areolar tissue but never take origin from them. The slip from 
the 4th (or 5th) transverse process generally forms the outermost part of 
the muscle and its lateral border. This border is the result of the folding back 
of the muscle. The upper two (or three) slips incline backwards as they 
descend to form the posterior (or postero-external) surface. 

Looked at from this point of view the shape and relations of the muscle 
can be very definitely described. It has three surfaces: a concave medial 
surface lying in contact with the posterior tubercles and posterior inter- 
transverse muscles. The attachment of splenius colli, transversalis cervicis, 
and cervicalis ascendens to the cervical transverse processes is in relation 
with the postero-internal edge of the muscle. It should be noted that this 
surface is practically non-existent in the upper part of the muscle and hence 
the slips of origin of the levator anguli scapulae are, generally speaking, 
posterior to the attachment of the upper part of the scalenus medius. Between 









sli 


th 


The Scalenus Medius "969 


the 4th and 5th and the 5th and 6th slips (numbered according to the vertebrae 
they arise from) the upper two roots of the long thoracic nerve (Bell) enter 
this surface. Below its lowest point of origin the muscle begins to stand away 
slightly from the vertebral column, and thus its medial surface comes into 
intimate contact with the first levator costae muscle, which is attached to 
the 7th transverse process: so the muscle can be said to be wrapped round 
the levator costae, which separates the lowest part of the medial surface 
(which is also the deepest) from Sibson’s fascia covering the cervical dome 
of pleura. In other words the levator costae fills up the lowest part of the 
gutter. The marking for scalenus medius insertion on the first rib will therefore 
be in the form of a > with thick limbs enclosing the levator costae insertion. 
(The levator costae may be exposed by cutting through the posterior part 
of the scalene attachment to the first rib, just beyond the tubercle, and 


‘> 
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Fig. 1. A is a diagram to shew the relation of the scalenus medius to the transverse process. 
The arrow gives the general direction of the r nerve of Bell. B shews schematically the 
relations between the scalene and the levator costae; as they lie, for example, on the first 
rib. 

reflecting it forwards so as to undo the fold in the muscle. The levator costae 

will be seen as a triangular muscular slip from the tip of the 7th transverse 

process to the first rib. Sometimes the fibres of the two muscles are partially 
intermixed but it is not uncommon to find that the scalenus medius is attached 
to the levator costae only by some loose connective tissue.) 

The anterior surface is broad and flat. It looks forwards as well as slightly 
outwards and may therefore be called antero-external. The upper part, how- 
ever, looks more directly forwards. The medial part of this surface lies behind 
the scalenus anticus: the brachial nerves intervening. The lateral part is 
partially under cover of the sternomastoid and, for the rest, in the floor of the 
posterior triangle: it is unnecessary to go into the details of its relations in 
these two areas. The roots of the long thoracic nerve appear on this surface. 
This surface is formed by the lower three.slips of origin. 

The posterior surface is applied to the levator anguli scapulae, the nerve 
to the rhomboids and posterior scapular artery passing. downwards and back- 
wards between the two muscles. This surface looks backwards as well as 
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outwards and so may be called postero-external. It is formed by the upper 
two slips of origin. This is narrow above but widens out below. 

The lateral border is tendinous above but fleshy below. 

Some of the fibres of the upper two slips (forming the posterior or postero- 
external surface) not uncommonly pass down to the second rib and thus 
form the scalenus posterior. In such a case the scalenus posterior arises from 
the second cervical vertebra and not the seventh as usually described in 
text-books. Hence this is a very long (but thin) muscle: which is of course 
merely a part of the medius. 

This description explains how the roots of the long thoracic nerve pierce 
the muscle in order to appear in the floor of the posterior triangle. If the 
muscle were rising from the posterior tubercles, its plane would be behind 
the plane of the issuing nerves and it is difficult to understand how the roots 
pierce a structure on a posterior plane and still reappear on the same plane. 
But the origin above given, in conjunction with the thickness of the lower 
slips of origin, gives a surface for the roots to pierce. 











MISPLACED KIDNEY 


By Proressor N. PAN, 
Anatomical Department, Medical College, Calcutta. 


Tue left kidney has been found in the lesser pelvis in a subject in the Dissecting 
Hall of the Medical College, Calcutta. Such low positions of the kidney are 
rare and hence I am publishing a short note of it. 

The subject is an adult male. The left kidney is oval in shape. It is situated 
against the upper part of the left half of the pelvic surface of the sacrum, Its 
upper end lies against the anterior margin of the left ala of the sacrum. The 
lower end is lying on the piriformis against the greater sciatic notch. This 
kidney measures 3 ins. in length, 1? ins. in breadth and 1} ins. in thickness. 
On its anterior surface at the junction of the medial two-thirds with the lateral 
third there is a vertical groove, the upper half of which is shallow and lodges 
a renal vein running from the upper part of the hilum below to open into the 
terminal part of the left common iliac vein. The lower half of the vertical 
groove is very deep and represents the hilum. There are two renal arteries 
for this kidney. The upper one comes from behind the point of bifurcation 
of the abdominal aorta (vide fig. 1) and enters the upper end of the kidney at 
the upper part of the shallow groove. Its companion vein issues from the 
upper part of the hilum and runs along the shallow groove to the left common 
iliac vein as already mentioned. The lower renal artery comes from the left 
hypogastric artery and enters the hilum below and behind the ureter, Its 
companion vein opens into the left external iliac vein. The ureter leaves the 
hilum in front of the lower renal vessels and after a short course enters the 
bladder at the usual site. It is 6 ins. in length. This kidney is covered anteriorly 
by peritoneum and is surrounded by a scanty amount of areolar tissue. It is 
fixed in its position and not at all movable. 

The tributaries of the left hypogastric vein corresponding to the branches 
of the anterior trunk of the left hypogastric artery unite into a/trunk which 
crosses the pelvic surface of the sacrum to the right to open into the right 
hypogastric vein. The remaining tributaries of the left hypogastric vein unite 
into a trunk to join the left external iliac vein. The left suprarenal gland is 
normal in position and shape. The right kidney and suprarenal gland are in 
their normal position. 

The caecum is situated in the right lumbar region one inch above the iliac 
crest, The loop of the sigmoid colon is very large and empty. It measures 
15 ins. in length. The sigmoid mesocolon crosses the upper part of the 5th 
lumbar vertebra to the right iliac fossa and thence it crosses the brim of the 
lesser pelvis on the right side to terminate opposite the 3rd piece of the sacrum 
where the sigmoid colon is continued into the rectum. 
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Fig. 1 Professor Pan’s Case of Pelvic Kidney. 


The left kidney in this case has got its arterial supply from the left hypo- 
gastric artery and the terminal part of the abdominal aorta. Thus the kidney 
has been developed in this unusually low place and has not migrated from its 
normal position after full development. 

‘This unusually low position of the kidney is interesting from a clinical 
point of view as some of its pathological conditions are apt to mislead clinicians. 















A METHOD OF PREPARING BONES TO SHOW 
EPIPHYSEAL CENTRES OF OSSIFICATION 


By J. HAMILTON, 
Department of Anatomy, Queen’s University of Belfast. 


[The preparation of a permanent specimen to show the epiphyseal centres of 
ossification has been very successfully accomplished by the prosector in 
Anatomy at Queen’s University, Belfast. His method, which is described 
below, is to make the cartilage transparent and slowly to saturate it with 
gum so that it retains its form and becomes perfectly hard. The specimens 
which have been prepared by him are permanent, some prepared twenty years 
ago are unchanged, and they are at least equal to those prepared by the Spalte- 
holz method; they possess the advantage that they can be handled and closely 
examined by large numbers of students. In addition to the ossifie centres 
I would add that the epiphyseal blood vessels are demonstrated better than 
in any other specimens I have seen, certainly much better than in Hunter’s 
turpentine specimens. T.W.] 


Tue bones which I have used for preparation by this method were either 
(a) bones removed from fresh subjects or (b) bones removed from subjects 
preserved with formaline. In the fresh bones the centres of ossification are 
white in the finished specimen and in the formaline bones they are black; the 
difference seems to be due to the blood being retained in the latter. The bones 
must first of all be cleaned. Fresh bones are macerated in water in the usual 
way, care being taken that the bones are kept covered and the water frequently 
changed; otherwise I have found that the bones are liable to turn black. The 
macerating process must, of course, be controlled otherwise the epiphyses 
may fall off. Formaline bones do not require to be macerated since the 
periosteum can be stripped from them with forceps. The junction of the 
epiphysis with the shaft can be cleaned with fine scissors, but all cutting or 
tearing of the cartilage must be avoided for such injuries will appear in and 
blemish the finished specimen. 

The cleaned bones must then be slowly dehydrated, beginning with a 
weak spirit and finishing with absolute alcohol; I allow 10 to 14 days for this 
process. The bones are then cleared in xylol till the cartilage is perfectly 
transparent but the process is stopped while the ossific centres are still opaque. 
This process I have found to take about 24 hours, but it requires to be carefully 
controlled since it is possible to clear macerated bones too much; the centres 
of bones preserved in formaline are dark in colour and remain visible even after 
long clearing. The bones are then to be embedded. The embedding substance 
which I have used is a mixture of gum mastic and gum sandarac dissolved as 
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far as they will dissolve in xylol. Either of the gums can be used separately 
or they can be mixed in any proportion, according to the colour which it is 
desired that the finished specimen should have; and the solution having been 
made it is filtered and allowed to evaporate to the consistency of thin cream. 
The specimen is allowed to remain in this solution for 6 to 8 weeks, and during 
this time slow evaporation must be allowed to take place until, at the end, the 
solution is so thick that it will hardly run off the specimen when it is lifted out. 
Care must be taken that the specimen is always kept covered with the solution. 














The sternum of a child two years of age. 


The drying of the bones requires the greatest care. They should be hung 
in a warm place free of dust. If too much of the embedding material clings to 
them it should be removed with a fine wooden probe; neither a knife nor a 
reagent must be used, for if the surface coating be damaged air will pass into 
the cartilage as the specimens are drying and produce white blotches which 
cannot be removed. The drying requires at least 3 or 4 months and in a large 
bone at least 6 months. At first the specimens must be examined almost every 
day, and if any part of the cartilage is drying more rapidly than the rest it 
must be brushed over very delicately with the embedding solution; and if the 
cartilage begins to have a “raw appearance” the surface coating is too thin 
and the specimen should be redipped in the solution. When the specimen 
is perfectly dry the bony part can be cleaned with fine glass-paper, and the 
whole specimen should then receive a coat of very thin solution of the gum 
applied with a fine camel-hair brush. The cartilage of a specimen prepared by 
this method should be perfectly transparent, and perfectly hard, and should 
be unaffected by exposure to the air. 





OBITUARY NOTICE 


Emeritus Proressor JOHNSON SYMINGTON, 
M.D., F.R.C.S., LL.D., F.R.S, 


Dr Jounson SyMINGTON, Emeritus Professor of Anatomy in Queen’s Uni- 
versity, Belfast, died in Edinburgh on February 28rd, 1924. He had retired 
in 1918 because of severe illness, and in his retirement had enjoyed some 
measure of a return of the health which was characteristically his; yet, at 
the last, death came very suddenly to him, but came in a kindly way. 

Johnson Symington was born in 1851. He had his early education at 
Taunton, and passed then to the University of Edinburgh, from which he 
graduated, with first class honours, in 1877. He commenced his life-long work 
at once, for in that year he became demonstrator under Turner in the Depart- 
ment of Anatomy at Edinburgh, with Cunningham as his senior colleague. 
He remained at the University only two years, for in 1879 he succeeded 
Dr J. Cossar Ewart as Lecturer in Anatomy at the School of Medicine, Minto 
House; but he must have learnt well the lesson Turner had to teach, and which 
he in turn so well taught to those who came to work with him, that it is to 
him who never spares himself that the keen zest of the search is given. He 
was called to the Chair of Anatomy in Belfast in 1893 as successor to Professor 
Peter Redfern, whom he was to succeed not only as a great teacher of Anatomy 
but as the greatest power of his day in the Belfast Medical School. 

His life from the beginning was lived exceeding full. He obtained the 
diploma of M.R.C.S. (Eng.) in 1877, the F.R.C.S. (Edin.) in 1879, and pro- 
ceeded M.D. in 1885, being awarded a gold medal for his thesis. In 1903 he 
was elected Fellow of the Royal Society and in 1915 Fellow of the Royal 
College of Surgeons of England; and in 1918 the honorary degree of LL.D. 
was conferred on him in Belfast. He was a life member of the British Associa- 
tion, and President of the Anthropological Section at Southport in 1903 and 
served as President of the Anatomical Society from 1904 to 1906; he was 
Vice-President of the Anatomical Section of the British Medical Association 
at the Edinburgh Meeting in 1898. He acted as examiner in Anatomy in the 
Universities of Edinburgh, London, Dublin, Glasgow and Manchester, and in 
Applied Anatomy and Physiology for the Indian Medical Service; and in the 
interests of the University of Belfast he expended his powers to the utmost. 
Shortly after his succession there, he was elected a member of the Senate 
and in 1901 he became Registrar, and with the inauguration of the new 
Queen’s University of Belfast, under the Irish University Act of 1908, he 
was appointed one of the Commissioners to frame its statutes. His services 
were of the greatest importance in the difficult early days of the new University, 
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and his work of that time will long be remembered there. He was one of the 
honorary secretaries of the Better Equipment Fund; the new buildings of 
the University were very much in his care; and in 1916 he became the repre- 
sentative of the University on the General Medical Council. The University 


Emeritus Proressor JOHNSON SYMINGTON, 
M.D., F.R.C.S., LL.D., F.R.S. 


of Belfast has indeed good cause to revere the memory of the man who never 
spared himself in her interest. 

Professor Symington was essentially a man of action. He was always a 
worker; what was most characteristic of him was his capacity to work, his 
untiring enthusiasm for his work, the pains he would take to demonstrate 
his observations to others, and the satisfaction he himself gained from his 
work. He was, too, a very direct worker; from first to last his papers are the 
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records of direct observations, and it need hardly be said that he was a keen 
observer. The whole trend of his researches was indicated well in the intro- 
ductory address he gave to the class of Anatomy in Belfast University on 
October 31st, 1893. “I may perhaps be pardoned,” he said, “if I consider the 
progress that has been made in our knowledge of the topographical anatomy 
of the human body, since this is a department with which my own researches 
have made me specially familiar.”” He was then, and he always was, a topo- 
graphical anatomist, probably the greatest of his day. His first paper was 
“Notes of the dissection of a case of dislocation of the head of the right radius 
forwards” (Journ. of Anat. and Physiol. vol. x11), and his last “‘ Endocranial 
casts and brain form; a criticism of some recent speculations” (Journ. of 
Anat. vol. t)—the very titles are typically his; and between these two he 
published in the Journal of Anatomy and in the Journals of the Edinburgh 
and Belfast Schools about sixty articles (see the bibliographical list attached 
to this article). His more important papers were on cranio-cerebral topography 
and on the form of the viscera; and on these subjects some of his descriptions 
will remain classical. His larger works were The Anatomy of the Child, An Atlas 
of Topographical Anatomy, An Atlas of Skiagrams illustrating the Development 
of the Teeth, and the volumes of Quain’s Anatomy on Splanchnology and the 
Nervous System of which he was the editor. 

His was indeed a forceful personality and in his vigour there may have 
appeared a brusquerie—a genial brusquerie—from time to time; yet it was 
easy to learn the simple straightness of all his work. He was exceedingly alert, 
and sometimes he may have seemed to be quick; but it was easy to admire 
the simple directness of what he did. He was of a direct and simple greatness; 
and it becomes easy for us to understand the depth of the affection he inspired 
in all who were his pupils or who worked with him. 

The Symington Prize of the Anatomical Society carries his name; it is 
the name of one who was a great anatomist, a most capable administrator, 
and an upright man. 
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Kérperbau und Menschwerdung. Konstruktionspline, enthillt durch eine 
Kausalanalyse der Menschlichen Beckenform. By Dr. med. Max von Arx, 
Olten. Ernst Bircher: Leipzig. 


Throughout a long gynaecological experience Dr. med. von Arx has interested 
himself in the mechanical aspects of biological problems. His attitude is 
attributed in part to the influence of his former teacher of anatomy, Prof. H. 
Meyer of Ziirich, and, in addition, he has been brought by his profession into 
close contact with the practical mechanical problems of uterine prolapse and 
of pelvic deformities, from which he has been led to a study of the mechanism 
by which the normal shape of the human pelvis is attained. Considerable 
sections of the volume before us have been previously published in a series of 
papers to which references are provided. 

In this work the author presents the data on which he relies in the elabora- 
tion of a method for the graphic representation of the pelvis. The method 
consists in the projection of selected points upon various planes, in a manner 
well-known in craniological studies; the pelvis is orientated according to the 
plan recommended by Meyer. Attention is drawn to some strikingly simple 
relationships found to exist between these points when studied in projection, 
a series of simple geometrical figures such as the hexagon and circle sufficing 
to describe their relative positions. The head of the femur is also shown to 
present interesting geometrical relationships to various parts of the pelvis. 

The data provided relate to a single male and a single female pelvis, though 
we are assured—without presentation of the data—that a number of dimen- 
"sions have been checked upon a “considerable number” of other pelves, whereby 
the author believes the “constancy” of certain proportions to be established. 
Such information is illustrative of the approximate nature of the investigation. 
The two pelves employed are stated to have been of “conventional” dimen- 
sions (though the male one is admittedly slightly asymmetrical); but the 
enquiry has clearly been too limited in scope and the measurements too rough 
to permit of any judgment of a particular pelvis as a representative one. This 
method of graphic representation may well turn out to have considerable value 
in facilitating comparisons of pelvic form at various ontogenetic stages, as 
well as for the study of inter-racial differences and for the comparative study 
of Primates. That the first of these has not already been carried out by the 
author is surprising inasmuch as a considerable part of the volume is devoted to 
a confident statement of the developmental mechanism of the human pelvis. 

The author’s conclusion, that the ontogenetic changes in shape of the 
human pelvis are “‘beyond doubt” due to the direct action of mechanical 
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force acting upon the skeletal tissues, is dependent on a number of assumptions 
which would have deserved more attention than has been given them. He 
argues that from a knowledge of the form of the adult pelvis one should be 
able to infer the mechanical forces which must have brought the embryonic 
pelvis to this condition. He naively assumes that ontogenetic changes are the 
result mainly or exclusively of gross mechanical forces, such as the hydro- 
dynamic pressure of the visceral mass which is regarded as a predominating 
factor in human development; and further, that the nature of the effect on 
skeletal tissues of such a visceral pressure will consist in a yielding by reason 
of their softness. So long as no evidence is brought forward bearing on the 
validity of these assumptions, so long must the author’s experiments with such 
materials as metal spheres and tubes, or with rubber bags remain totally 
irrelevant to the enquiry. Even the very points upon the pelvis selected for 
his geometrical construction fail to inspire confidence as likely to reveal the 
effects of visceral pressure upon the pelvis; a prominent place in the system 
is given to the upper margin of the hiatus canalis sacralis. Turning to a con- 
sideration of certain characteristic features which appear in the pelvis and 
vertebral column of the human embryo, it is said that the peculiar shape of the 
pregnant human uterus must be expected tolead to these very results. He 
supposes indeed, that the human embryo must be subjected to a “relatively 
increased pressure along its long-axis’’ because the human uterus is relatively 
shortened and of a more rounded shape than in other mammalia. We are 
informed, without evidence, that the “uteri of other animals do not exert so 
strong a longitudinally-directed pressure.”” Thus Dr. med. von Arx provides an 
extremely novel account of the physiological effects of phylogenetic changes 
of form, while he apparently even overlooks the mobility of the young embryo 
in the amnionic fluid. 

It is nevertheless refreshing to meet with investigations in which the prin- 
cipal objective is the Interpretation of “Form” regarded as a part of the 
general problem of “Form and Function.” Especially does the attitude 
adopted by the author of this work compare favourably with that of the writers 
(and they are not a few) who approach osteological problems as though a bone 
developed its characteristic form in splendid isolation, forgetful of the correlation 
undoubtedly existing between bones and the adjacent soft tissues in phylogeny 
as well as of their probable influence upon one another during the life of the 
individual. Though unfortunately Dr. med. von Arx has overlooked the rela- 
tionship of pelvic form to muscles and other soft tissues external to the pelvis, 
yet he has very rightly included in his study of the pelvis a consideration of 
the relative position of the femur and lumbar vertebrae. In his enquiry into 
the process by which bones acquire their shape he has thus had a position of 
advantage over those who study single bones without consideration for other 
structures in the body of the individual. Yet it cannot be said that he has 
advanced our knowledge of this process. An extensive philosophy is combined 
with a paucity of data. The problem of “Form” is indeed one demanding 








282 Reviews 


investigation by all available methods, including those of Experimental 
Anatomy; and there are, as this author has realised, many aspects of Medical 
Practice which claim for their understanding an earnest study of “Form and 
Function” with the attack directed towards the interpretation of Form. 

A. B. A. 


Mechanism of the Brain and the Function of the Frontal Lobes. By Professor 
LreonarpI Brancut. Authorised translation from the Italian by James H. 
MacDonald, M.B., Ch.B., F.R.F.P.S. (Glas.). With a foreword by 
C. Lloyd Morgan, LL.D., D.Se., F.R.S. E. & S. Livingstone, pp. 348. 
£1. 1a. 

The first part of this interesting and stimulating monograph is devoted 
to an account of the phylogeny, comparative anatomy and structure of the 
frontal lobe and also a résumé of the important experimental work conducted 
by the author over the long period of forty years. An excellent feature is the 
inclusion of a complete and critical survey of the literature bearing upon the 
widely discussed problem of the frontal area of the cortex and this makes the 
reader at once familiar with the history of this fascinating subject. 

In the preface we are informed that the clinical aspect has been omitted 
since the author prefers to reserve this for separate and future publication. 
Although this omission has doubtless been necessitated by the wide range 
of treatment and consequent bulk of material, the inclusion of the clinical 
evidence would probably have removed a good deal of the hesitation which 
many readers will have in accepting some of the interpretations that are offered 
of the behaviour of animals after destruction of the frontal regions. Briefly, 
it was found that habitual actions or attitudes and the simpler forms of 
perception were practically unaffected by even extensive lesions of the frontal 
lobes, whereas faculties which had been acquired by education were grossly 
disturbed. These latter manifestations were only obvious after bilateral and 
extensive destruction. The movements of the eyes, pupils and ears obtained 
by electrical stimulation of certain parts of the frontal cortex are explained 
in an ingenious manner, it being stated that these cortical centres are con- 
nected with higher psychic processes and suggested that the movements are 
concerned with the mechanism of attention. 

Histological investigations of the experimental material demonstrated 
connections between the frontal lobe and the head of the caudate nucleus, 
putamen, claustrum, the motor area and all the sensory fields of the cortex, 
but no direct connection with the optic thalamus was revealed. The reciprocal 
associations between the frontal and sensory areas leads the author to divide 
the cerebrum into frontal and post frontal regions, the former being correlated 
with a much superior order of consciousness than the latter and on this 
division he builds his psycho-neural thesis. 

But the psycho-neural problem is a problem of unifying the two com- 
plementary but diverse aspects—psychological and neural—of one whole, and 
during the last half century three great minds, Huxley, William James and 





Reviews 283 


Sir Charles Sherrington, have all arrived at the conclusion that the solution 
of the problem when it comes, will come from the side of psychology. 
A question of words arises here since Huxley and James used the term meta- 
physics and Sir Charles Sherrington uses the term psychology: but in view of 
James’ statement that metaphysics is only “an unusually obstinate attempt 
to think clearly and consistently,” we may regard modern psychology as a 
new science which in the last fifty years has grown up and become differen- 
tiated from within the ambit of metaphysics, and for the particular purpose of 
this problem we may use the terms as synonymous. From this point of view 
it seems to us that Professor Bianchi has placed himself among the group 
of people, to be found in all ages, whom Huxley in his day humorously 
referred to as “the noble untutored savages of common-sense”: people who 
reject all metaphysical abstractions until they have become so far embodied 
in colloquial usage as to seem no longer metaphysical. “Consciousness,” “the 


intellect,” ‘“‘cognitions,” “the ego,” “percepts,” ‘‘judgments” and “ psychic 


complexes” are among the metaphysical abstractions which go to make up 
the psychological half of Professor Bianchi’s psycho-neural views; yet he 
tells us that “metaphysical abstraction. ..is insufficient to furnish us with 
elements that will serve as a key to positive cognitions” (p. 210). If this be 
so the problem will remain unsolved. To us James’ contention of thirty years 
ago still holds good—‘‘We seem, if we are to have an elementary psycho- 
physic law at all, thrust right back on something like the mental-atom-theory, 


for the molecular fact being an element of the brain, would seem naturally to 
correspond, not to total thoughts, but to elements of thoughts.”! We believe 
that modern psychology using the instrument of metaphysical abstraction 
will in due time provide us with such elements, and the problem will then be 
nearer its solution. 

But, although Professor Bianchi has not solved the problem, it would be 
quite wrong to leave the impression that he has not made a large and im- 
portant contribution to the data which will enter into its ultimate solution. 
We think that workers in this sphere of thought will come to the book again 
and again for the records of its author’s long continued and laboriously 
careful experiments, for the wide range of its elaborately compiled data, and 
even for many of its conclusions. As we read and re-read what Professor 
Bianchi says on intelligence, on will, on inhibition and on instinct, we feel 
that he has brought us nearer to a solution of their nature. We heartily com- 
mend the book to all who are interested in the psycho-neural problem. In it 
they will find stimulus and help of the best kind, worthy indeed of the 
deservedly great reputation of its author. 

Professor Lloyd-Morgan contributes a foreword emphasising the fact that 
the psycho-neural problem is here treated entirely as a subject of natural 
science. 

Dr MacDonald is to be congratulated on the excellence of his translation. 


1 Text-Book of Psychology, p. 464. 
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Hand Atlas of Human Anatomy. By WERNER SPALTEHOLZ. Edited and 
translated from the 7th German edition by LEwettys F. BARKER. 

The new English edition of Spalteholz’s Atlas which has been translated 
by Professor Barker from the 7th German edition differs from the previous 
editions mainly in the addition of some new figures, especially those illustrating 
the development of bones. These latter have been taken from the marvellous 
preparations made by Spalteholz himself, some examples of which the Depart- 
ment of Anatomy at University College has been fortunate enough to obtain. 

The present edition contains 994 illustrations, and is divided into three 
volumes. The work, by its title, indicates its position among anatomical 
works as, primarily, an atlas, A quantity of descriptive matter is, however, 
included, and since this is much more than is required for indicating the points 
and subject of each illustration and yet is far from being sufficiently detailed 
to serve as a general account of the anatomy of the human body, it would seem 
better to omit the greater portion of it entirely, or to amplify and incorporate 
it in separate volumes. Spalteholz, in his introduction to the Ist English 
edition, hints at the future possibility of the latter course. 

It is difficult to find any but laudatory criticism to make on the beautiful 
illustrations which are so well known to English anatomists. Their clearness 
and accuracy and their artistic value are of the highest possible degree. Dealing 
with the anatomy of the right side of the human body, they depict every 
structure of gross anatomy and its relation to surrounding parts almost to 
perfection. One may point out little curiosities such as the pathological 
thyroid gland in Fig. 567, but such points calling for remark are difficult to 
find. The section on bones is supplemented by illustrated accounts of their 
development as noted above, and by admirably reproduced photographs of 
ground sections to illustrate the arrangement of the trabeculae. The diagrams 
showing muscular attachments to bones are perhaps the least satisfactory part 
of the work. In many cases, these appear to be very inaccurate, such, for 
instance, as the flexor longus hallucis or the fibula, and the obturator internus 
on the os innominatum. 

The illustrations of muscles are less natural than the others, fidelity of 
reproduction being necessarily sacrificed in many cases for the sake of clarity. 
In the section on blood-vessels, the veins are depicted in an injected condition, 
a very obvious advantage. In the part dealing with the nervous system, the 
series of sections taken through the brain-stem are specially worthy of note. 
We can have little doubt that where atlases of human anatomy are in use, 
Spalteholz’s work will hold one of the highest places. As a book for ready 
reference by those who have completed their anatomical studies, it will be of 
the utmost benefit to student and practitioner alike. As an aid to the student 
engaged in the study of anatomy it will also find its place, and we note that 
one text-book of practical anatomy gives marginal references to Spalteholz’s 
atlas throughout the book by way of illustration. It is irrelevant, perhaps, to 
repeat here the frequently uttered warning that care be taken not to allow 
such an atlas to take the place of the human body for the student of anatomy. 
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A COMPARATIVE STUDY OF THE FOOT 
AND TREAD INDEX 


By GORDON HARROWER, M.B. 
Professor of Anatomy, King Edward VII Medical College, Singapore. 


In the East, where the greater portion of the population are barefoot, oppor- 
tunities for observing the different types of feet are more numerous than in 
the West. Having noticed a variation in the relative length of the second toe 
to the great toe, I was prompted to investigate whether the variation was 
constant in certain races or only an individual characteristic. Singapore 
offered an ideal field for the purpose as most of the races of the world are 
represented there. The method employed was simple; the apparatus consisted 
of a tin of black lead dusted on a flat board. The foot was pressed on the board 
and the subject then made to stand upright on a sheet of paper supporting his 
weight on one foot, the other foot just touching the ground. The outline so 
obtained was fixed later, by marking round with a pencil. It is a remarkable 
fact that while no difficulty was experienced in obtaining the native footprints, 
there was considerable trouble in obtaining the European prints, so much so, 
that the amount of explanation necessary to quieten the individual’s suspicions 
of possible police interference, made the work so arduous that I have only a 
few European tracings, not sufficient to make a definite deduction therefrom. 
The results are somewhat statistical; at the same time I have worked out the 
tread index which may be obtained by dividing the maximum breadth of the 
footprint by the length from the tip of the impression produced by the second 
toe to the heel and multiplying by a hundred, thus giving an index figure 
which is not influenced by the actual size of the foot. 


Max. Breadth x 100 
Max. Length 


In most books on artistic anatomy the second toe is shown slightly longer 
than the great toe, this condition being considered the ideal in Grecian art. 
According to Sir Wm. Flower, as quoted by Wood Jones, among hundreds of 
barefooted children in the highlands of Perthshire, Scotland, in no case did he 
find a second toe projecting beyond the great toe. Wood Jones, from his own 
observations, corroborates this for ‘Chinese coolies, Malays, Cingalese, and 
various inhabitants of India, Egypt, African races on the Nile, Madeira, Spain, 
Portugal and Italy.” On the other hand, from my own observations among 
newly born babies at the Maternity and Free Maternity Hospitals, Singapore, 
I can affirm that in 71-9 per cent. out of a total number of 82 babies of mixed 
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nationality, the second toe is longer. Undoubtedly the little toe is undergoing 
phylogenetic reduction even in races which throughout life are barefoot, so 
that this characteristic is not artificial, due to boot-wearing. The reduction 
is very much greater in many animals as in the Bovidae, where the fifth meta- 
tarsal appears in the embryo but later disappears, and associated with its 
disappearance is the reduction of the fibula which can be traced in all stages 
throughout the animal kingdom. Among adults whom I have observed in 
connection with this work, I find that out of a total of 375 feet, 187 or 49-8 per 
cent. have the second toe longer than the great toe, the subjects being drawn 
from Tamils, Malays, Sikhs, Indians and Europeans. The relative lengths of 
the toes cannot be deduced from the footprints for the convexity on the under 
surface of the great toe is such that only the proximal portion of the terminal 
segment rests on the ground when standing erect, the toe thus appearing 
shorter than it really is. As the incidence of a longer second toe is greater among 
infants than adults, the inference is that the increase in the great toe is a 
physiological feature due to our mode of progression. This is more easily under- 
stood when we remember the imperfect condition of the skeletal elements of 
the foot at birth. 

The great toe in al] races is dominant, just as the third digit is dominant 
in the Perissodactyla. Our mode of progression makes it so, otherwise our 
lower limbs would on mechanical grounds require to be convex outwards as 
is the case in the Gorilla, or in the pathological condition of genu varum which 
is frequently associated with a high plantar arch tending to throw the weight 
on the lateral side of the foot. The same factor accounts for the rolling gait 
of the Simiidae while progressing in the erect attitude on the hinder extremities, 
as the body must be +hrown over to one side to bring the centre of gravity 
of the body in line with the physiological axis of the foot. 

The dominance is not due alone to the length of the great toe, as it is 
shorter than the corresponding digit of the gorilla, its relative length in man 
being due to reduction of the lateral digits. The dominance is also due to the 
great widening it has undergone in a transverse direction. I have only seen 
one case in which the third toe is longer than the second, and the second longer 
than the first, the digital formula being 8 > 2 > 1 > 4> 5. In the case which 
came under my observation, the subject was a Tamil, male, aged 30. He had 
been in the same employment for a considerable time, and to the best of my 
knowledge was strictly honest, although it is suggested that possessors of this 
type of foot are criminally inclined. Among the Primates, excepting Man, the 
third pedal digit or its representative is the longest. Of the skeletal material 
available at Raffles’ Museum, Singapore, I find that in the Orang Utan (two 
adults and one young), Hylobates (one specimen), Semnopithecus (one speci- 
men) the second metatarsal is the most projecting in the series, the third meta- 
tarsal being very little shorter, the metatarsal formula being 2 > 38 > 4> 5> 1, 
a similar condition being found in the metacarpals, the elongation of the third 
digit of the foot being due chiefly to elongation of the proximal phalanx and 














ing 
, SO 
ion 
ota- 


t is 
nan 
the 
een 
| ger 
‘ich 
nad 
my 
this 
the 
rial 
bwOo 
eci- 
ta- 
=" 
\ird 
and 





A Comparative Study of the Foot and Tread Index 287 























Fig. 2. Note. Long third toe: the second and third metatarsals are considerably longer than the 
first. The fourth is longer than the first, a distinct Simian feature. 
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to a lesser degree of the second phalanx. In the Macacus (one specimen) and 
Nasalis larvatus (one specimen) the third metatarsal projected furthest in the 
series, in the Nasalis monkey distinctly so, but in the Macacus the difference 
was very slight. It was important to find out to which element of the pedal 
skeleton the elongation was due. I had X-ray photographs taken by Professor 


Fig. 3. Note. Long great toe: the first three metatarsals have approximately the same degree 
of projection. The fourth metatarsal is shorter than the first. 


Webster, Medical Electrician to the General Hospital, Singapore, to whom I 
tender my thanks. The photographs show that in the Tamil foot with elongated 
third toe the second and third metatarsals project equally; if anything, the 
third may project slightly less than the second yet considerably beyond the 
first metatarsal, corresponding very closely to the metatarsal condition in the 
Orang Utan, the metatarsal formula being 2> 38> 4>1> 5. The terminal 
phalanx of the third digit of the Tamil foot is slightly longer than that of the 
second (Fig. 2). For purposes of comparison in the human subject, I had 
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photographs taken of a European foot in which the great toe was considerably 
longer than the second (Fig. 3), digital formula 1 > 2 > 8 > 4> 5, and also of 
an Indian foot in which the second toe had a considerable degree of elongation 
(Fig. 4), digital formula 2>1>3>4> 5. In the European foot with large 
great toe the first three metatarsals have their distal ends projecting almost 
equally, metatarsal formula 2>1 = 38> 4> 5; in the Indian foot (Fig. 5) 
with long second toe the second metatarsal was considerably longer than the 
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Fig. 4. Photograph to show long second toe. 


first and third, metatarsal formula 2>3>1>4> 5. The essential difference 
in these types of feet lies in the metatarsal series, The osseous skeleton of the 
great toe of the European foot is relatively and absolutely much heavier in 
structure than that in the other two types. Especially is this shown in the 
proximal phalanx. 

The foot in which the third toe is longest is a retrogression towards a more 
primitive ancestor. The Gorilla, Chimpanzee, Orang Utan, and most of the 
Cercopithecidae have the third toe in advance of the others so that it is a 
distinctly Simian type of foot. Not only does this particular type of human 
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foot agree with the Simian type in superficial appearance but also in the 
osseous skeleton of its metatarsals with the exception of the hallux as I have 
shown. It is a very uncommon type in Man for, although I have watched the 
barefooted pedestrians of Singapore for many hours, I have not seen another 
case. In the Simiidae, however, the interosseous muscles are grouped about 
the third toe as axis (although some Gorillas have the human arrangement), 
It is not possible to say with certainty whether the interossei in the case of the 
Tamil mentioned were grouped around the second or third toe as his command 
of individual movement of the toes was limited. The type of foot with the 
longer second toe is nearer the Simian type than that with the elongated 
great toe as the metatarsal formula also agrees though not so closely with the 
Simian metatarsal formula. We may regard the type of foot with the elongated 
great toe as highest in the evolutionary scale and therefore the great toe is 
undergoing a progressive increase. The great toe has an element less in its 
constitution than the remaining toes, It has long been a matter of doubt 
whether the so-called metatarsal is really a metatarsal or phalanx. As the 
three types of foot show, there is a progressive tendency to reduction of the 
metatarsals and an increase in the phalangeal elements of the great toe. The 
ossification of the first metatarsal corresponds with the ossification of a phalanx’. 
All these facts lend support to the view that the metatarsal is missing and not 
the phalanx. 

It is interesting to note that in the individual possessing the foot of the 
highest type with the elongated great toe, the left upper lateral incisor was not 
developed, the left upper canine being modified in the direction of an incisor, 
its lower margin not projecting below the free dental margin as in normal 
canines, Also the third upper and lower molar teeth never erupted, although 
the individual was long past the age when they usually erupt. These dental 
facts represent an advance in the evolutionary march compared to the con- 
dition in the ancient Incas in whom four molar teeth frequently developed. 
There is apparently no racial distinction to be drawn from the relative lengths 
of the great and second toes, although the greatest degree of dominance of the 
great toe is probably to be found among European races. Throughout the 
Primates I have mentioned, except Man, the base of the second metatarsal 
is notched similar to the base of the second metacarpal, the joint being 
mechanically similar to the second metacarpo-carpal articulation. 

The tread indices obtained from the footprints are rather remarkable. 
Obviously a certain amount of variation is to be expected, yet the index figures 
range from 34 to 43, A maximum variation of 9 for all races examined— 
European and Asiatic. These figures are more remarkable when one considers 
that the absolute difference is multiplied by 100 when working out the indices. 
Each race shows a certain degree of constancy. Among the Chinese, 69 out of 
122 feet fall into the group 38-1 to 41-0, or 56-55 per cent. of the total. The 
Sikhs and Indians other than Tamils have each the same group incidence, 


1 Admittedly the first metatarsal occasionally ossifies from three centres. 





A Comparative Study of the Foot and Tread Index 291 


36-1 to 89-0, a percentage of 64-58 for Sikhs and 55-32 for Indians, The Sikhs 
are a tall, heavily built race with large feet, yet their tread index is con- 
siderably below that of the Chinese. The Tamils have the lowest index of all 


Fig. 5. Note. Long second toe. The second metatarsal is much longer than the first, the third, 
although longer than the first metatarsal, is much shorter than the second. The fourth is 
shorter than the first. (Unfortunately the toes were not extended when the plate was taken.) 


the races falling into the group 35-1 to 38-0 with a total of 54 out of 102 feet, 
or 52:94 per cent. Malays and Europeans have the same group incidence, 
namely 37-1 to 40-0, giving a percentage of 63-89 for Malays, but as I have 
already indicated, the number of Europeans observed is too small to make a 
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definite statement. The outline of the foot has a certain amount of interest, 
at least among the Asiatic group who are mostly unbooted. It is undeniable 
that the outline is considerably modified in the booted races. In the three 
Pangan Semangs quoted by Duckworth, there appears a tendency to inversion 
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Fig. 6. Tracing of a footprint of a Tamil male Fig. 7. Tracing of a footprint of a Tamil male 
aged 25 years. This shows a more exaggerated aged 30 years to show the inversion of the 
degree of inversion of the great toe and great toe. This represents the average type 
eversion of the lateral four toes. While quite of Tamil footprint. 

a common type of Tamil footprint it does not 
occur so frequently as Fig. 7. 


of the great toe. This is particularly marked in two, but in the third case is 
not so obvious. Among the Tamil population of Singapore there is a similar 
tendency, the great toe turning inwards, the lateral four toes being spread 
out so that a distinct interval intervenes between the great toe and the second 
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toe ranging up to as much as 2cms. This condition is beautifully illustrated 
in the copy of the footprint of a Tamil male aged 25 shown in Fig. 6. While 
it is comparatively common to find as wide a divergence of the great and 
second toes, as is shown here, it is more common to find the interval slightly 
reduced as depicted in Fig. 7. From comparison with the Primates, which 
retain a well developed hallux, this is the condition one would expect in races 
which do not wear foot protection. It is also seen in the newly born child when 
the foot is at rest. 

The Chinese wear wooden soles with a strap over the toes along the line 
of the metatarsals and therefore the toes tend to be closer together. The Sikhs 
wear a wooden sole with a peg projecting upwards which is retained between the 
great and second toes so that these toes incline toward one another due to the 
muscular action involved. The footprint of the Sikh frequently shows a distinct 
circular area in the position of the peg due to the pressure, this area not being 
in contact with the sole. Many Sikhs, of course, wear soles like those described 
for Chinese. Tamils seldom wear any form of foot protector. Among the better 
class Asiatics the ordinary leather shoe is worn. 

Foot deformities are comparatively rare among the natives. 

Dr Smith had a case of congenital hallux valgus of which I saw the X-ray 
plate. The patient had never worn any foot protector. Out of the total number 
of 355 Asiatic feet observed, 6 showed the condition of pes cavus and 25 that 
of flat foot. I have not seen a case of rhachitis among the native population 


of Singapore. 
I append the actual measurements of the feet. 
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Actual Measurements of Feet. 


Abbreviations: Ham. Toe = Hammer Toe. 
P.C. = Pes Cavus. 
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Chinese ITI. 
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THE SACRO-ILIAC JOINT 


By R. BROOKE, L.R.C.P., M.R.C.S. 
Anatomy Department, Guy’s Hospital Medical School. 


Tue following observations are based on the study, extending over a period 
of three years, of two hundred sacro-iliac joints, both male and female, of all 
ages, obtained from dissecting room and post mortem subjects. 


1. The Influence of Age and Sex on the Mobility of the Joint. 


Zaglas as early as 1851, and Duncan in 1854, described a normal rotatory 
movement at the sacro-iliac joint; but later on Quain, and other observers, 
laid stress on the presence of transverse strands of fibrous tissue bridging across 
the joint, and connecting one. articular surface to the other; hence the articula- 
tion became regarded as of the amphi-arthrodial type. More recently, however, 
Nuttall pointed out that, even when this condition was present, slight move- 
ment could often be obtained. The present series show that in males of late 
middle and advanced age the joints are usually amphi-arthrodial; in many 
cases complete ankylosis is present; but the number forms much too small a 
percentage of the whole to form the basis of a description of the normal state 
of affairs. In fact there is every reason to believe that such joints are not 
normal at all, but the result of senile pathological changes. 

The estimation of the degree of movement present at these articulations is 
a matter of considerable difficulty, but an attempt has been made to classify 
them according to mobility. 

During the first twelve to fourteen years of life it is almost impossible to 
draw any distinction between the joints of the two sexes (86 were examined); 
but, with the advent of puberty, marked secondary sexual differences make 
their appearance. Those of the male progress along lines of strength and 
security, that is to say, the ligaments thicken and become stronger,.to meet 
no doubt the increased strain invelved in the harder physical tasks which fall 
to man’s lot. Mobility in other words is sacrificed for strength. In the female, 
on the other hand, the reverse condition is seen. Here strength and solidity 
are sacrificed in favour of increased mobility; the ligaments and soft parts of 
the joint remaining comparatively lax; an adaptation again, as in the male, 
to function, the important female function of parturition. 

Fig. 1 shows that there is a diminution of movement in both sexes from 
birth up to puberty, then in the female a rapid increase takes place up to the 
age of twenty-five years, when the maximum degree of movement is attained. 
The dotted curves represent the average age incidence of some of the sacro- 
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iliac diseases such as tuberculosis, infective arthritis, sprains, etc. as determined 
by the examination of a small number only, viz. two hundred and fifty cases 
from the Guy’s Hospital reports. It will be noticed that the maximum age 
incidence of tuberculosis infection falls between the years of twenty to twenty- 
five, and this corresponds with Porrier’s observations. 

That of the other affections is very similar. As would be expected, sacro- 
iliac disease occurs by far the more commonly in the female sex and to the 
greatest degree—as the curves show—at a period when the joints are most 
movable. 


Movements or Sacro-/uiac Joints 


PUBERTY OSTEO- ARTHRITIS 
Fig. 1. 


It is seen that in the case of the female there is a gradual diminution of 
movement from the age of twenty-five to the age of fifty years, after which it 
becomes more rapid; but even in advanced age some mobility persists. 


2. A Comparison of the Mobility and Function of the Joint in the two sexes. 
In the case of the male the degree of movement is slight in amount up to 
the fiftieth year, becoming progressively less and less after this until finally the 
joint becomes usually completely ankylosed. 
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It was found that 87 per cent. of the total number of male joints of all ages 
examined, 105 in number, were completely immovable and ankylosed. The 
greater the age of the subjects, the higher was the proportion of immobile joints. 
Thus the proportion of ankylosed joints in subjects above fifty years of age 
was 76 per cent., and not a single example was obtained under the age of 
fifty years. Forty-four joints from subjects all over fifty years of age were 
examined. 

From this series it seems that ankylosis of the joint in advanced age is 


confined strictly to the male sex. It was not present in any of the 105 female 
specimens examined. 
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Fig. 2. Intra-Articular Tubercle on Sacral Surface. 


Derry has shown that the joint stability is increased by interlocking of 
rough prominences and depressions situated in the ligamentous post auricular 
area of the joint. In addition to this it was found that if the sacral surface of 
the articulation itself is examined, at the junction of the two limbs, towards the 
anterior margin of the joint, a small tubercle, or eminence, covered by cartilage, 
can often be seen interlocking with a corresponding depression on the auricular 
surface of the ilium (Fig. 2). Unlike the tubercle described by Derry, which 
is extra articular in position, this one is situated within the joint cavity 


itself. It was present in 88 per cent. of the 55 male cases examined, well 
Anatomy tvm1 
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marked in 75 per cent. of these cases, not so well defined in the remaining 
25 per cent. Although not strictly speaking a male characteristic, in only 
15 per cent, of 95 female cases examined was there any corresponding elevation, 
and it was never well defined. It is not a senile change; for although absent 
in young children of both sexes, it is present in the male at puberty, being 
clearly defined in male joints of fourteen to fifteen years. Often it is double; 
the second eminence being situated immediately behind the first. Occasionally 
the whole joint surface is in addition convex, a condition first described by 
Faraboeuf. This tubercle is not found in every male joint, but it is present in 
a proportion large enough (88 per cent.) to warrant the assumption that it is 
an accessory factor which aids materially in promoting the strength and 
stability of the articulation. 

The normal male joint therefore is of the diarthrodial type, possessing 
slight mobility only, but great strength, which is promoted by interlocking of 
the bony and cartilaginous surfaces, both by extra and intra-articular tubercles, 
In most cases it loses its movement altogether after middle age, becoming 
osteo-arthritic, and ankylosed. 

In the case of the female, pregnancy has a great influence on the incidence 
of sacro-iliac diseases and injuries, owing, among other things, to the increased 
mobility of the joint at that period.. Examination of a number of specimens 
obtained from post mortem subjects at various stages of pregnancy, showed 
quite clearly, that at full term, the range of movement is increased approxi- 
mately two and a half times above the maximum degree present in the non- 
pregnant woman. This increase takes place gradually; and at the fourth month 
is easily recognisable. During the seventh, eighth and ninth month the 
mobility increases rather more rapidly. Some idea of how much movement is 
present at term, can be gathered from a specimen taken from a woman who 
died with acute inversion of the uterus, In this case, besides showing an increase 
range of normal rotatory movement, the ligaments and capsule were so lax 
that the anterior margin of the joint surfaces could be separated from each 
other in a horizontal plane for a distance of almost a quarter of an inch on 
each side. 

After parturition the joint returns to its normal state but slowly, thus at 
the eighth week it is still lax, and not until the third or fourth month, has 
stability been completely regained. The mechanism of uterine involution is 
at present imperfectly understood; similarly with post partum changes in the 
pelvis joints. A specimen obtained from a woman who died four months after 
labour and had suffered from uterine subinvolution, showed remarkable 
freedom of movement, more than double the amount present in the joint of 
a normal pregnant woman at the same period. It would be out of the question 
to base an assumption on one single example, but it is interesting to note the 
possibility, that the two processes, of uterine involution on the one hand, 
and the return of stability of the pelvic joints after pregnancy on the other, 
may be in some way interrelated. 
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3. The Action of the Joint in Relation to Movements of the Spinal Column. 


The functions of this pelvic joint are twofold. It must be well adapted for 
the transmission of the weight of the trunk to the lower limbs, and it undoubtedly 
provides a buffer to diminish the force of sudden jars and jolts from the lower 
limb. Further, during the course of dissection, evidence was sought for, in 
support of the view, that the joint takes part in both sexes in movements of 
the lower spine. In the lower apes such as Rhesus Macacus, also in the infant, 
and in the pregnant woman, this does occur; and although at present there is 
no direct evidence in support of it, there is reason to believe that the same 
thing takes place in the adult, but to a smaller degree. The range of movement 
is of necessity very slight in amount, and corresponds approximately to that 
occurring between the bodies of the adjacent vertebrae. In support of this 
view are the following facts. A direct relation was observed between the 
degree of movement at the lumbo-sacral and sacro-iliac joints. Thus when the 
latter was ankylosed, a thickening of the ilio-lumbar ligament, and compen- 
satory freedom of movement at the lumbo-sacral joint were present. Expressed 
in figures, 81 per cent. of the thirty-eight ankylosed joints examined showed 
avery free range of movement much in excess of the normal at the lumbo-sacral 
joints. The other 19 per cent. showed ankylosis at both the sacro-iliac and 
ilio-lumbar joints, but compensatory increased mobility of the lumbar spine. 

Those showing slight movement at the sacro-iliacs had increased mobility 
at the ilio-lumbar joints in only 50 per cent. of cases less marked than in the 
ankylosed specimen, whereas those with free sacro-iliac movement showed a 
correspondingly slight degree of mobility at the ilio-lumbar joint. Specimens 
showing the reverse condition, namely ankylosis of the ilio-lumbar joint 
associated with very free movement at the sacro-iliac joint have so far not 
been obtained, but one specimen exhibited restriction of movement at the 
tight hip due to tubercular disease, with an unusual degree of compensatory 
laxity at the sacro-iliac joint. That ankylosis leads to compensatory movement 
of adjacent articulations, is significant evidence in support of the probability 
that the joint functions in the movement of the spine as a whole, and in the 
maintenance of the general flexibility and free mobility from occiput to 
coccyx. 


4. Structure of the Joint. 


The much discussed question of the size and situation of the joint cavity 
proper will be dealt with but briefly. It is doubtful whether Quain’s descrip- 
tion, in which he mentions irregularities of the joint surfaces containing glairy 
fluid, can be applied to other male joints of advanced age. Indeed, as already 
mentioned, there is every reason to regard this condition: as pathological. 
Certainly in younger subjects of both sexes the joint surfaces are quite smooth 
and separate, and the presence of congenital fibrous strands bridging across 
the joint described by Henri Vignes must be an extremely rare condition. The 
joint is roughly L-shaped, but subject to considerable variation, as shown in 
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Fig. 3, the most constant being the presence of a third small inferior limb at 
the lower end, and passing backwards at right angles from the descending 


6.04. 
Fig. 4. Rods under Synovial Membrane. 


limb. This third limb, as described by Humphrey, is derived probably from 
the third sacral segment, It is much more common in the female, over 95 pet 
cent, of the specimens examined in this series being of that sex. The average 
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surface area of the joint is at birth 1-5 sq. ems., at puberty 7 sq. cms. and in 
adults 173 sq. cms., slightly less extensive in the female. The articular carti- 
lage is hyaline in nature. The synovial membrane is difficult to identify, or 
demonstrate (Fig. 4). A repetition of Albee’s experiment, using in this case 
coloured gelatin, instead of coloured water, to distend the joint cavity, has 
left no doubt that the synovial membrane forms a continuous layer, attached 
to the margins of thé articular cartilage throughout, as in any other joint cavity. 
This observation has been confirmed by numerous microscopical sections, 
taken at different levels in both limbs, in both male and female joints. They 
show in every case a fringe of synovial membrane, attached to the edge of the 
cartilage. Finally a specimen of infective arthritis of the joint showed the 
hypertrophied inflamed synovial membrane, and the various component parts 
of the articulation responding to infection in the same way, as in any other 
joint. 
SUMMARY. 


The old description, that the joint was an amphiarthrosis, was the descrip- 
tion of a pathological change. The normal joint is of the diarthrodial type and 
in all probability takes part in movements backwards and forwards of the 
lumbar spine. Male and female joints are quite distinct in function and mobility 
for whereas the former is built for strength, aided by the presence of extra- 
and intra-articular tubercles, the latter is altered to meet the requirements of 
parturition by an increase in mobility, thereby assisting in the enlargement of 
the pelvic brim, to accommodate the passage of the foetal head. This it does 
by movements in a transverse direction as well as the rotatory movement 
described by Walcherew. The joint cavity itself is well defined with a con- 
tinuous fringe of synovial membrane, and, at times, the addition of an accessory 
limb. It is a diarthrodia joint resembling in every characteristic any other 
joint of this type, becoming amphiarthrodial only under certain pathological 
conditions, 

In conclusion I should like to thank Professor Johnston for much helpful 
criticism and the interest he has taken in the work. I am also very much 
indebted to Mr W. C. Hancock, Senior Assistant in the Anatomy Department 
of Guy’s Hospital Medical School, for his invaluable assistance in the selection 
and preparation of material. 
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OBSERVATIONS ON THE ANATOMY OF THE HEART, 
LUNGS AND RELATED PARTS OF CERATOPHRYS: 


By A. SUBBA RAU, B.A., M.Sc. (Lonp.), F.R.M.S. 


Derby Scholar, Department of Zoology and Comparative Anatomy, 
University College, London. 


"Tue material described in this paper was placed at my disposal by Prof. J. P. 
Hill, F.R.S. It comprised the anterior part of a large Ceratophrys collected 
at Mimosa in Brazil during the Percy Sladen expedition in 1913. Prof. Hill 
suggested that I should work out the anatomy of the heart, lungs and related 
parts, I take this opportunity of expressing my deep indebtedness to him for 
the kindly interest he evinced throughout this piece of work and to Prof. D. M.S. 
Watson, F.R.S., for helping me in the interpretation of the wax model of the 
heart. I am obliged to Mr F. T. Pittock of the Zoological Laboratory for the 
photographs and to Mr P. H. Johnson for help with literature. 

My object in carrying out this investigation has been to study the structure 
of the heart, and allude in passing to such of the interesting finds in the 
structure of other organs, viz. lungs, parathyroid gland, thyroid gland, carotid 
gland and the hyoid apparatus. 


THE HEART. 


The heart is typically Anuran in character. Ventrally the pericardial 
membrane bears a mass of fatty tissue which forms a yellowish-looking promi- 
nence. The ventral surface of the heart is more or less convex with a ridge 
slightly to the right of the median line; the dorsal surface is devoid of any ridge 
and is more or less flat. The ventricle is divided from the auricles superficially 
by a groove running transversely, and from near the base of the right part of 
the ventricle springs the conus arteriosus. The auricles are thin-walled chambers. 
The sinus venosus is a very thin-walled chamber which leads by a small sinu- 
auricular aperture into the right auricle. The conus arteriosus, which is very 
short, does not pass into a bulbus aortae, but continues further forward without 
much apparent change in size and diameter and divides into two great arches. 
Each of these arches divides into three vessels, the most anterior, the carotid 
arch; the middle, the systemic arch ; and the posterior, the pulmo-cutaneous 
arch. 

(a) The carotid arch, the smallest of the three, soon gives off a branch, the 
lingual, and runs forward as the carotid artery. There is a particularly well- 
developed carotid gland at the point of division of the artery into two, which 

1 Approved as a thesis for the degree of Master of Science in the University of London. 
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Fig. 1. Drawing of the heart (ventral view, pericardium has been removed). A.L. arteria laryngea, 
C.A. conus arteriosus, Cg. carotid gland, C.M, caeliaco mesenteric artery, Cu. cutaneous 
artery, D.A. dorsal aorta formed by the union of right and left systemic arches, L.A. left 
auricle, La. lingual artery, Oes.A. arteria oesophagea, P. parathyroid, P.C. pulmo-cutaneous 
arch, R.A. right auricle, L.S.A. left systemic arch, Scl. subclavian artery, V. ventricle, 
Va. vertebral artery. ; 


is said to offer great resistance to the flow of blood in the first phases of 
ventricular contraction. The earotid gland is an oval swelling on either side 
on the carotid arch. The carotid artery enters into and emerges from it. 
After its entrance into the gland, the 

carotid artery splits up and its lumen 

rapidly becomes much reduced. The 

whole substance of the gland is caver- 

nous with an irregular meshwork of 

capillaries, each provided with an 

endothelial lining formed by simple 

squamous epithelium. The substance 

of the gland between the capillaries is 

formed of a connective tissue which is 

not markedly fibrous. Lying in the 

tissue toward one end of the body are Wie: tan Wiican Ub nessa onic at 
large numbers of cells apparently carotid gland to show its cavernous nature. 
nearly equidiametric, with medium 

sized deeply staining granular nuclei; the cytoplasm is eosinophilic and richly 
loaded with large, deeply staining basophil granules, These cells appear to agree 
with certain of the leucocytes which are to be seen in the blood; and are, indeed, 
probably migrant leucocytes. 
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The whole structure is surrounded with a sheath of unstriated muscle 
which is continuous with that of the carotid artery. The studies of Marshall 
and Maurer show that in development the structure arises in part from the 
carotid arch at the front of the junction of the afferent and efferent parts and 
from an epithelial mass arising from the endoderm of the third branchial 
pouch. 

(b) The systemic arch, by far the largest and stoutest, early separates from 
the carotid and curves round the oesophagus to descend into the abdominal 
cavity where it unites with its fellow from the other side to form the dorsal 
aorta. The systemic arch gives off a number of branches which supply the 
various organs. Mr L. R. Crawshay has given a very careful and detailed 
description of the arterial system of certain Anura. In Ceratophrys, the arteria 
laryngea has the same position as in Rana hexadactyla and leaves the systemic 
arch opposite the carotid gland, and is of fair size. The occipito-vertebralis 
has the normal relations. According to Mr Crawshay the a. oesophagea arises 
from the base of the occipito-vertebralis in Rana clamata, R. hexadactyla, 
R. tigrina, Bufo mauritanicus and B. boreas. But in Ceratophrys the a. oeso- 
phagea arises from a different level almost midway between the subclavian 
artery and the root of the dorsal aorta,. The subclavian artery arises in close 
proximity to the occipito-vertebralis and is of fair size, though in Rana 
hexadactyla and R. temporaria they arise at a short distance from each other. 
The dorsal aorta soon gives off from near its root a large coeliaco-mesenteric 
artery. The distribution of the various branches of the arteries from the dorsal 
aorta as also from the subclavian artery could not be studied in my specimen. 

(c) The pulmo-cutaneous arch is slightly smaller in size than the systemic 
arch and supplies the lungs and the skin; the cutaneous artery is given off 
from very near the point of entrance of the pulmonary artery into the lung. 

(d) The pulmonary vein. The blood from the lungs is returned to the 
heart. by the pulmonary veins. The two veins unite to form a fairly long 
trunk before entering the left auricle. 

The factors of the post- and pre-caval veins could not be studied in my 
specimen.. 

Anatomy of the heart. The heart consists of the following parts: 

(a) The sinus venosus. 

(b) The right and left auricles, 
(c) The ventricle. 

(d) The conus arteriosus. 

(a) The sinus venosus is a very thin-walled sac opening into the right 
auricle by the sinu-auricular aperture situated on its dorsal wall. The sinu- 
auricular aperture, which is a transverse, oval slit, is provided with two slightly 
curved membranous valves, one cranial and the other caudal. The cranial 
valve overlaps the caudal to a small extent. 

' (b) The right and left auricles. The auricles are large chambers separated 
by a thin, complete septum. Structurally the septum is composed of fibrous 
sonnective tissue containing granular cells and through which the sparse 
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musclé fibres pass. The tissue is not perforated by blood vessels and ‘is coated 
with endothelium. It has two strands of neuromuscular tissue; one of these 
can be traced to one of the auriculo-ventricular valves. Although not in a 
condition for detailed description the strands appear to be composed of 
ordinary Purkungi cells in addition to the nerves and ganglion cells. 

The walls of the auricles though thin are thicker than the septum and the 
right auricle has larger capacity than the left. The.septum dividing the auricles 
becomes narrower and narrower and ends in a concave free border so that the 
two auricles open into the ventricle by a common auriculo-ventricular opening. 

Valves. The auriculo-ventricular aperture is guarded by well developed 
valves. These valves consist essentially of a very large ventral membranous 





Ventral 
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Dorsal 








Fig. 2. Drawing of the auriculo-ventricular valves (from wax model, cut surface viewed from the 
caudal aspect of the heart). A.V.V. (r.). auriculo-ventricular apertures leading to the right 
auricle, A.V.V. (l.) auriculo-ventricular apertures leading to the left auricle, C.A. aperture 
leading to the conus arteriosus, S.V., large membranous semilunar valve (ventral) guarding 
the auriculo-ventricular aperture, S.V.. smaller semilunar valve (dorsal), S.V., semilunar 
valve situated on the roof of the ventricle between the auriculo-ventricular opening and the 
opening of the conus arteriosus. (N.B. The chordae tendinae are not shewn in the diagram.) 


flap (Fig. 2, S.V.,) which is attached along a line which is concave posteriorly. 
The attachment on the left extends caudally for some distance. The free 
margin is imperfectly divided into right and Jeft portions. The much smaller 
dorsal valve (Fig. 2, S.V.,) is attached to the septum and runs caudally so that 
the free margin which lies on the right is almost longitudinal. In addition 
there is a small membranous pocket valve (Fig. 2, S.V.,) rising from the roof 
of the ventricle between the auriculo-ventricular opening on the left side and 
that of the conus arteriosus on the right side. Viewed from in front the auriculo- 
ventricular aperture does not present any valvular structure on the left side. 
Sections of Rana temporana and Bufo vulgaris show the presence in them of 
three auriculo-ventricular valves agreeing with those of Ceratophrys. The small 
third valve does not appear to have been described in any Anuran. 

(c) The ventricle. The ventricle is conical in shape and has a very thick and 
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muscular wall. The cavity of the ventricle is divided into a number of small 
confluent chambers of varying size by muscular trabeculae. There is no inter- 
ventricular septum comparable to that of the hearts of birds and mammals, 
In addition to the auriculo-ventricular passage, there is a passage which leads 
to the conus arteriosus. I have not studied the architecture of the heart 
muscles. 

(d) The conus arteriosus. The nomenclature of the great trunk, given off 
from the base of the ventricle, is in some confusion. The term “conus arteriosus” 
was first introduced by Gegenbaur who used it to denote the region between 
the ventricle and the ventral aorta in Elasmobranch fishes and Ganoids and 
to distinguish it from the bulbus arteriosus of Teleosts. Huxley, in describing 
the amphibian heart, says: “‘The heart consists of two auricles, a single ven- 
tricle and a bulbus arteriosus....The walls of the bulbus arteriosus contain 
striated muscle fibres and are rhythmically contractile. Valves are sometimes 
placed at each end of it and it may be imperfectly divided into two cavities 
by an incomplete longitudinal septum.”’ This account of Huxley’s is correct 
both as to facts and nomenclature. Ecker makes out four divisions of the 
heart one of which he terms “truncus arteriosus.” Gegenbaur adopts the 
term “‘muscular bulb” to denote the “‘ bulbus arteriosus ”’ of Huxley. Marshall, 
in the frog, identifies the “‘ bulbus arteriosus” of Huxley as the “truncus” but 
notes two regions thereof, a proximal part, the pylangium, which is a single 
vessel arising from the ventricle, and a distal part or synangium, which consists 
of the basal parts of the aortic arches closely bound together, while Rolleston 
follows the terminology of Ecker and Marshall. Parker and Haswell adopt the 
terms conus arteriosus to designate the pylangial part of the truncus arteriosus 
or the proximal part of the bulbus arteriosus, and the bulbus aortae to designate 
the distal part of the great trunk to which the name synangium is given by 
Marshall and the term truncus arteriosus is applied in the common language of 
texts. Miss Oliver in describing the Australian frogs uses the term truncus 
arteriosus to indicate the bulbus arteriosus of Huxley. The truncus arteriosus 
is equivalent to the ventral aorta or cardiac aorta and is not invested by 
cardiac muscle. However, the part designated “‘truncus” in fishes is not homo- 
fogous with the part in frogs. In frogs in the truncus region there are a group 
of vessels bound together while in fishes it is a single vessel. If priority has any 
value in zoological nomenclature consistent with its.significance the term “‘ bul- 
bus arteriosus” of Huxley should be unhesitatingly adopted but “‘a bulb” is 
not of universal occurrence and as such is of very restricted use. The term 
conus arteriosus seems to bethe more satisfactory and is the term used to desig- 
nate the entire vessel in this paper. Though a pylangial and synangial region 
could not be made out in this very shortened conus arteriosus superficially by 
any indication of a groove, yet the terms are used to denote the proximal and 
distal parts of the conus arteriosus. Structures in those regions are described 
with reference to pylangium and synangium respectively. 

The conus arteriosus has suffered a great deal of varied description as 
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regards its structural details, and a glance at the following table will convince 
one of the considerable differences of opinion held by leading authorities, 


Table showing the number of valves, etc., according to various authorities. 


Position of Pulmo- 
Author Pylangial valves Synangial valves cutaneous aperture 


Rana 2 semilunar valves One Pylangium 


Rana 3 semilunar valves 3, one of which is the spiral Pylangium 

fold, two other small ones, one 
dorsal and one ventral. A 
vertical septum placed trans- 
versely divides the origin of 
the pulmonary arch from the 
origin of the systemic and the 
carotid arches 


Sedgwick Rana 3 semilunar valves 3 semilunar valves Pylangium 


Bourne Rana 2 semilunar valves 3, to one of which the spiral Pylangium 
valve is fused and the smallest 
of the 3 valves 


CS — 


Parker and Rana 3 small semilunar 1 valve and the free end of the Conus 
Haswell valves longitudinal valve (Pylangium) 


Miss Oliver Hyla aurea 2 laterally placed 1 plus 1 small valve Pylangium 


semilunar valves 
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Miss Oliver Cystignathidae 
(a) Limnodynestes dorsalis 2 valves with dis- Two Pylangium 
tinct papillae 
(6) Heleiporus pictus 2 with small 2 indistinct. The interior Pylangium 
papillae locking apparatus most inde- 
finite in this genus 
(c) Chiroleptes alboguttatus Two 1 distinct and 1 poorly de- Pylangium 
veloped 
Bufonidae 
(a) Notaden bennetti 2 with no papillae Two Pylangium 
(b) Pseudophrynae Semimormorata ? Two Pylangium 


(Rana esculenta) Three 3 and 2 half-valves Pylangium 


It will be clear that all are agreed as regards the existence of the spiral 
valve while there is apparently no agreement as regards the number and 
disposition of the pylangial and synangial valves. 

The structure of the conus arteriosus as determined by an examination of 
transverse sections is as follows: 

(a) The inner coat. This is lined by well defined endothelial cells whose 
nuclei stain fairly deep. Exterior to the endothelial lining there is a connective 
tissue network. 

(b) The middle coat. The middle coat is remarkably well developed and 
consists of muscle fibres disposed circularly. These fibres are of moderate 
length. The muscle fibres do not seem to form a complete ring. The nuclei 
are elongated and sometimes thrown out of shape due possibly to shrinkage. 
These fibres are transversely striated. Some such trans-striated fibres may be 
found even in the synangial region. 

(c) The outer coat, This layer is formed mostly of elastic tissue. There is 


t 
e 
$ 
n 
e 
$ 
e 
y 
f 
$ 
S 
y 


= wa FF 





312 A, Subba Rau 


a great concentration of this tissue near the middle coat and the fibres become 
rarer as the surface is approached. 

In my specimen the exact distribution of the involuntary muscle fibres in 
the conus arteriosus could not be studied and as‘such no regional differentiation 
based upon the differences in structure could be made although it is maintained 
by some authorities that the proximal region of the conus arteriosus contains 
cardiac muscle fibres and the synangial part does but contain muscular fibres 
of the plain variety. ; 

For purposes of accurate description a wax model of the conus arteriosus 
and the base of the ventricle was reconstructed from serial sections of 15, 
thick at a magnification of 25. 


THE CONUS ARTERIOSUS. 


The conus arteriosus arises in Ceratophrys as in other amphibia from the 
base of the ventricle. For the sake of clearness the conus arteriosus is described 
as if the two segments—pylangium and synangium—were distinct. In Fig. 3 
are shown the main features of the conus arteriosus. 

The pylangium. The opening into the cavity of the conus arteriosus from 
the ventricle is guarded by two very well developed valves—a right and a left 
semilunar valve (Fig. 8a, S.V.., S.V.,). These valves are fairly broad and their 
free margins face towards the cavity of the conus. The valves are composed 
of fibrous connective tissue continuous with that of the wall of the conus. The 
free margins of these valves are continued cranially in a gradually sloping 
~ ‘manner and project freely into the cavity of the conus arteriosus. The cranial 
extension of the free margin of the left semilunar valve lies close against the 
right margin of the longitudinal spiral valve; a dorsal valve is present but is 
rudimentary and does not appear to have any functional significance (Fig. 3a, 
S.V.3). 

The spiral valve (Fig. 4). In the pylangial segment, the cavity of the conus 
arteriosus is divided incompletely into two cavities (cavum aorticum, and 
cavum pulmo-cutaneum) by the spiral valve which has attained large dimen- 
sions. Owing to the peculiar twist the spiral valve has, the position of the 
cavum aorticum which is dorsal to the cavum pulmo-cutaneum at first, be- 
comes ventral to the pulmo-cutaneum as the cranial end of the conus arteriosus 
is reached.. The remarkably strong spiral valve runs cranially along the entire 
length of the pylangium. The valve is fixed dorsally and is free ventrally. The 
line of attachment of the spiral valve indicates more or less the axis of the 
spiral described by the conus arteriosus itself. The valve arises at the left 
ventral margin of the entrance-into the conus arteriosus from the ventricle. 
Owing to the spiral arrangement.of the valve, cranially it passes into the dorsal 
wall of the conus though caudally it arises from the base of the Jeft ventral 
semilunar valve. The spiral valve forms a very distinct longitudinal ridge, the 
free border of which begins caudally at the beginning of the conus arteriosus 
and crosses obliquely to the left. In the caudal region its free margin is carried 
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Fig. 3. Drawing of a sectional view of the conus arteriosus (ventral lateral view, from model), 
C. cup-like valve at the cranial end of the spiral valve, C.A.O. aperture leading into the conus 
arteriosus from the ventricle, C.A.R. cavum aorticum, C.S.C. cavum systemico-carotideum, 
D. large semilunar valve, L.P.C., R.P:C. left and right pulmo-cutaneous arches, L.S.A., 
R.S.A. left and right systemic arches, L.C.A., R.C.A. left and right carotid arches, SP. spiral 
valve, S.M. septum medianum, V.P. valvula paradoxa (cut surface), Py. pylangium, Sy. sy- 
nangium. The three semilunar valves at the base of the conus arteriosus are not shown. 
Cavum pulmo-cutaneum ends blindly caudally and opens by a wide opening into the cavum 
systemico-carotideum anteriorly, while the cavum aorticum communicates directly with the 
ventricle caudally and has a very narrow passage anteriorly into the cavum systemico- 
carotideum. 


Fig. 3a. Section (diagrammatic) across pylangium to show the valves at the base of the conus 
arteriosus. S.V., left semilunar valve, S.V., right semilunar valve, S.V., dorsal semilunar 
valve, 8.P. spiral valve, P.C. cavum pulmo-cutaneum. 
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by a flange bent towards the right, while cranially it is bent to the left. Finally 
the free border fuses with the left wall of the conus arteriosus, while the 
attached border of the spiral valve is continuous with the right wall. The 
special relations of the cranial part of the spiral valve indicated above lead to 
an interesting disposition of the divisions of the conus arteriosus. The originally 
ventral cavum pulmo-cutaneum now becomes dorsal to the cavum aorticum, 
which is gradually shifted from a dorsal to the ventral position. The ventricle 


. \ 


se 


Fig. 4. Drawing of the model to show the spiral valve, SP, and the semilunar valves at the base 
of the conus arteriosus, S.V.,, S.V.,, and §.V.;. S.V.; is very small. P.C. cavum pulmo- 
cutaneum. The arrow at the cranial end indicates the passage to the pulmo-cutaneous arch 
The spiral valve itself becomes smaller as it reaches the cranial end of the conus arteriosus. 


leads directly into the cavum aorticum and the cavum pulmo-cutaneum is 
brought into communication with the ventricle only through the cavum 
aorticum round the free margin of the spiral valve. The cavum aorticum 
which is very wide at first rapidly narrows, while the cavum pulmo-cutaneum 
which is narrow at first enlarges as rapidly, and leads to the pulmo-cutaneous 
arch and also to the cavum systemico-carotideum. 
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THE SYNANGIUM. 


The cranial segment of the conus arteriosus may be described as the synan- 
gium. The two pulmo-cutaneous arches unite in the synangium to form a 
common trunk which is separated from the cavum systemico-carotidium by 
the septum principale (Sp. Fig. 5) and which passes caudally to open by a 
single aperture into the dorsal wall of the cavum pulmo-cutaneum in the 
pylangium. The cranial margin of the opening is formed by the free margin 
of the septum principale which is obliquely placed, its left end lying much 
cranial of its right attachment. This opening is guarded by two valves which 
lie actually within the pulmo-cutaneous trunk and a third lying in the cavum 
pulmo-cutaneum plays also an important part in regulating the supply of 
blood to the arches. The valves within the pulmo-cutaneous trunk are “d” 














Fig. 5. Sectional view of the model of the conus arteriosus. C. large cup-like valve on the spiral 
valve, D. large semilunar valve, SP. cut surface of the spiral valve, Sp. septum principale 
separating the pulmo-cutaneous arch from the cavum systemo-carotideum (C.S.C.), S.M. 
septum medianum, P.A. pulmo-cutaneous arch. The arrow indicates the path leading into 
the pulmo-cutaneous arch. S. small semilunar valve (dorsal), d. semilunar valve (ventral). 
Valves S and d guard the entrance into the pulmo-cutaneous arch. The valves at the base of 
the conus arteriosus are not shown in this figure. 


(Fig. 5, d), which is attached to the dorsal wall and has its free margin directed 
cranially, and “S'” (Fig. 5, S), which is attached to the ventral wall formed 
by the septum principale, and also has a cranially directed free edge. 

Fig. 6 shows the position of the pulmo-cutaneous arch and the relative 
sectional sizes of the cavum pulmo-cutaneum and cavum aorticum. 

The opening into the left systemic can only be reached by passing over the 
dorsal part of the cranial margin of valve D (Fig. 8, D). The left systemic is 
separated from the common trunk of the right systemic and the carotids by 
the septum medianum (Fig. 3, S.M. and Fig. 5, S.M.), the caudal end of 
which hangs free as a rounded boss in the cavity of the valve D (Figs. 8 and 5, 
D), whose free margin lies on the left side of it. The plane of the septum medi- 
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anum is at right angles to that of the septum principale. The left carotid arch 
opens into the right systemo-carotid chamber by a very narrow slit cranial of 
the semi-independent opening of the right carotid arch. Immediately below the 
entrance from the synangium to that part of the opening of the common 
carotids and the left systemic, which leads most directly into the carotids, lies 
the valvula paradoxa of Gaupp(Fig. 7, V.P.). This consists of a small but thick 
fibrous flap attached to the ventral wall of the extreme cranial end of the 
synangium, its free margin lying very near to the septum medianum and the 
free margin of valve D. ; 
The right systemic, and the right and left carotids eine a common entrance 
from the cavum pulmo-cutaneum forming indeed the direct continuation of 





Fig. 6. Drawing of section of the model of conus arteriosus, seen from the caudal aspect. P.A. 
pulmo-cutaneous arch, CAR, cavum aorticum, SP. spiral valve, P.C. cavum pulmo-cutaneum. 


that cavity. The opening is guarded by three valves, C, D and E. The valve C 
(Figs. 8 and 5) arises from the cranial end of the spiral valve, that surface which 
faces the lumen being continuous with the surface of the spiral valve which 
forms part of the cavum pulmo-cutaneum. The cavity behind the valve is 
bounded by the lower end of the septum principale which is itself directly 
continuous with the cranial end of the spiral valve. Valve D is a very large 
pocket valve attached to the left dorso-lateral portion of the wall of the synan- 
gium lying in the cavum pulmo-cutaneum, the ventral part of its free margin 
extending up to the extreme cranial] end of the synangial cavity. The valve is 
of very large size, the space enclosed between it and the wall of the synangium 
being very capacious. Valve E is.a very small pocket valve attached to the 
ventral wall of the synangium between the ends of C and D. The valve E is 


not shown in Fig. 3. 


FUNCTION OF THE VALVES. 
The sinu-auricular valves. The sinu-auricular valves prevent the backflow 
of blood from the right auricle to the sinus cavity during auricular systole. 
The auriculo-ventricular valves. The function of these valves is to prevent 
regurgitation of blood from ventricle to the auricles during ventricular 
systole. 
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The pylangial valves. As is well known, the ventricle of the amphibian 
contains both venous and arterial blood, and the venous blood which is in the 
right part of the cavity first finds access to the cavum aorticum because of the 
position of the opening of the ventricle into the conus (Fig. 2, C.4.) but as this 
cavity narrows very quickly into a small slit, most of the blood is forced round 
the free margin of the spiral valve into the cavum pulmo-cutaneum and only 
a small quantity can enter the carotico-systemic chamber directly. As the 
cavity of the conus is less than that of the ventricle some blood must pass on 
to the arches during continuance of the ventricular systole. During this process 
the conus becomes expanded and a wide passage is left between the free margin 
of the spiral valve and the ventral wall. 

At the end of the systole of the conus all the aortic arches are filled with 
blood under pressure, their cavities being enlarged; this pressure is maintained 
by the elasticity of the walls of the arteries and at the beginning of the diastole 
of the conus results in a closure of all the valves guarding the entrances to the 
arches from the conus. 

The arterial pressure which maintains the closure of these valves falls off 
as the blood is forced forward through the arteries and it seems obvious that 
the reduction in pressure will take place more rapidly in the pulmo-cutaneous 
arch than in the other arches, because the capillary area of that arch is so 
much smaller than those of the systemic and the carotid arches. 

Thus a pressure of blood in the conus which will be sufficient to open the 
valves guarding the pulmo-cutaneous arch will be insufficient to open the other 
valves. As blood is forced into the pulmonary arch, the pressure in it gradually 
rises until it equals that in the carotico-systemic system in which the pressure 
has been falling; when this is the case the valves guarding the latter system 
will open and blood will be forced into the carotico-systemic chamber almost 
to the exclusion of the pulmo-cutaneous arch which is now full of blood. This 
pressure will force the blood into the carotico-systemic chamber, passing the 
valves D, C and E. Some blood passes across the margin of the valve D and 
enters directly the left systemic. 

Once the blood has passed these valves, it lies in a chamber into which open 
the left systemic arch and the right systemo-carotid trunk. 

On account of the small size of the carotids, and the presence on them of 
the carotid glands compact rete mirabilia, it appears probable that the 
pressure in the carotids will drop more slowly than that in the systemic trunks 
which will thus be filled first. 

As the two systemic arches appear to be of the same diameter and join 
symmetrically to form the dorsal aorta, it would appear that the pressure in 
them at their origin from the synangium should be equal but as the left sys- 
temic more directly continues the cavity of the synangium, it is probable that 
it will at first receive a larger supply of blood than the right and be filled first, 
ie. with mixed arterial and venous blood. 

Finally when the pressure in the carotico-systemic chamber rises sufficiently 
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blood will be forced up the carotids. The left carotid has a direct course con- 
tinuing the lumen of the synangium and would thus tend to receive a larger 
supply than the right which turns sharply over, shortly after its exit. 

Three vessels and especially the right are connected with the right 
systemic by a very narrow channel. Disregarding this connection, they may be 
seen to open out of the carotico-systemic chamber from two smal] recesses 
which are separated by the valvula paradoxa and it appears probable from its 
shape that this valve seems to equalise the amount of blood flowing on into 
the carotids. It is probable that at or about this time, the systole of the conus 
begins closing the valves guarding the entrance from the ventricle and leading 
to an increased pressure. This blood flowing into the carotids is the last to 
leave the heart and hence the last to enter the conus and is arterial blood. 


. 


Be 


Fig. 7. Drawing of section of the model of the conus arteriosus seen from the caudal aspect. 
P.A. (1.), P.A. (r.), left and right pulmo-cutaneous arches, L.S. left systemic arch, R.S. right 
systemic arch, C’, entrance to carotid arch, V.P. valvula paradoxa. 

The spiral valve (Fig. 4). The function of the spiral valve has been a subject 
of much discussion. It is not unreasonable to suppose that its main function 
is to direct the flow of blood. In other words it prevents by judicious regulation 
of the blood, the over-distension and the consequent haemorrhage of the lungs. 
That this view is probably correct is seen from the following. In fishes the 
heart is purely venous and has no chambers for the arterial blood, the necessity 
for the division of the auricles is not indicated and there is no spiral valve as 
such in the bulbus aortae; but with the assumption of aerial respiration the 
heart undergoes adaptive modifications to take up the work under altered 
conditions. Thus in Dipnoi, although provided with the very primitive type 
of lungs, there are remarkable advances made in the structure of the 
heart, There is already an incomplete separation of the atrium into two 
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chambers by the growth of an atrial septum; the conus arteriosus has similarly 
undergone structural changes. There is a longitudinal spiral valve formed as 
a result of the fusion of the cusp valves on one side. The separation of the 
venous from the arterial arches is effected by this valve. But in Urodela and 
Batrachia with fully functioning lungs we find that the auricles are separated 
into a right and left half for the reception of venous and arterial bloods 
respectively; and in these instances the conus arteriosus has a well developed 
spiral valve. And again in some of the Gymnophiona in which’one of the lungs 
undergoes atrophy, we find the auricles are separated partially, cutaneous 
respiration coming into help. The conus arteriosus has a spiral valve which 
shows proportionate degeneration. And finally when we consider the case of 
lungless Salamanders the existence of an undivided auricle forcibly reminds 
one of the venous heart of the fish with the exception that the heart in Urodela 
does get a small return of oxygenated blood from the skin. There is a mixture 
of arterial and venous bloods in the auricle of lungless Salamanders. Also, it 
should be recalled that the degeneration of the spiral valve in the lungless 
Salamanders is very marked. The only inference from a consideration of 
structural variations mentioned above is that the inter-auricular septum 
separates the venous from the arterial blood either completely or incompletely 
in accordance with the perfect or imperfect nature of the septum and that the 
progressive degeneration of the spiral valve keeping pace with the loss of the 
inter-auricular septum and the lungs is strongly suggestive of the fact that it 
has, despite the denial of Dr Bruner (14), a directive function. The gradual loss 
of the lungs has tended not only to the loss of the inter-auricular septum but 
has contributed largely to the degeneration of the spiral valve. 

Miss K. K. Oliver has, as a result of the study of the conus arteriosus of 
the Australian frogs, suggested a theory as to the mode of circulation depending 
upon the presence of “an interlocking apparatus and the disposition of the 
valves.” I find great difficulty in correlating her observations with those of 
mine on Ceratophrys, Rana and Bufo, and I do not intend offering any 
remarks on her views. However, she does not seek to explain the course of 
blood in the conus arteriosus during the early and late stages of the ventricular 
contraction, and the function of synangial valves. 

The course of the blood may be shown as follows: 


First phase of ventricular contraction. 
Venous blood ——> (a) Cavum aorticum 


(6) Rounding the ventral border of spiral valve 
(c) Cavum pulmo-cutaneum 
Pulmo-cutaneous arch 
(At this stage passage to carotico systemic chamber is closed by 


synangial valves) 
(d) Carotico systemic chamber 





320 A. Subba Rau 


Second phase of ventricular contraction. 
Mixture of venous and arterial bloods —> 
—-» Carotico systemic chamber along (a), (6), and (c) 


; : > 
Blood of synangial valves > | | | 
Mostly to the left systemic arch 
Right systemic receiving very little of this mixed 
blood mainly from valve C 
Later stage and systole of conus. 
Arterial blood ~—> (d) along (a), (b), and (c). 
— > Right systemic arch 
V+ 
Right and left carotids 
(Probably the left carotid receives blood earlier than the right.) 


DISCUSSION, 


It will be seen that the explanation as to the distribution of arterial and 
venous blood in Ceratophrys agrees in the main with that given by Gaupp for 
Rana temporaria. But it differs in certain respects. Gaupp says 


that in the first phase of ventricular systole, the blood which flows from the 
right auricle streams into the cavum aorticum as well as into the cavum 
pulmo-cutaneum of the bulbus and truncus, It may be said with some degree 
of truth that in the first phase of ventricular systole the main mass of blood 
gets into the pulmo-cutaneum and it there finds the least opposition....The 
arterial blood gets into the bulbus in the second phase. The first passive 
stretching of the bulbar wall, by the latter, causes a contraction of the bulbar 
musculature. As a result of this contraction, the ventral bulbar wall approaches 
the free edge of the septum so as to bring about a complete separation of the 
two parts. 

As the bulbar contraction proceeds, the left bulbar cavity is shut off from 
the right, and as only the right is in communication with the ostium ventri- 
culare, the result is that during the second phase of ventricular systole, the 
free passage of blood is more and more restricted to the cavum aorticum. The 
blood column gushing up from the right, against the septum will now contribute 
only to pressing the septum against the opposing ventral wall, and so com- 
pletely shut off the left cavity. If therefore at the commencement of the bulbar 
contraction some blood may chance to reach the left cavity, this in the course 
of the second phase ceases completely and the arterial blood of the left half 
of the heart comes only into the cavum aorticum. The left half of the bulbus 
contains as a result absolutely no blood at all in the second phase. 


In Sabatier’s opinion, the septum medianum plays a very important part in 
the distribution of blood to the systemic and carotid arches in the second 
phase of ventricular systole, the truncus is stretched by the inrush of blood, 
resulting in the separation of the ventral truncus wall, from the free edge of 
the hind portion of the septum medianum aorticum; and when the truncus 
itself begins to contract the entry into the left aortic canal will be obstructed 
and the blood will now flow especially to the right aortic arch. As a result 
there will arise from the right a pressure against the septum medianum which 
must now actually contribute to the closing of the left aortic arch. Sabatier, 
however, had not observed the presence of the swelling on the septum medianum 
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to explain the functional asymmetry of the aorta. Further the extremely 
narrow passage to the carotid arches will be closed by the action of the valvula 
paradoxa which spreads itself only when the aorta is much extended with 
blood at the beginning of the ventricular systole and it loses its function as the 
current becomes weaker. After the systemic arches have been filled, the blood, 
which at this time is mostly arterial in character, gets into the carotid arches. 

It appears to me that neither Gaupp nor Sabatier have fully appreciated 
the extremely small size of the direct communication of the cavum aorticum 
with the systemico-carotid chamber and the much larger area of the opening 
with that space from the pulmo-cutaneous chamber. 

The relative size of the passages suggest that the systemics and carotids 
receive most of the blood from the pulmo-cutaneous chamber and only a very 
minor part from the cavum aorticum. 

Both Gaupp and Sabatier, from a consideration of the structural details, 
arrive at the conclusion that the left cavity of the conus arteriosus is completely 
shut off from the right cavity during the second phase of ventricular systole, 
although they are continuous during the first phase. In view of the lie of the 
cavities, their varying capacities and the relation of the spiral and synangial 
valves to the openings of the pulmo-cutaneous, systemic and carotid arches, 
I am led to differ from these authorities in the interpretation of the structural 
findings. The right dorsal cavity of the conus into which the right part of the 
ventricle communicates is very wide caudally, the left cavity being a narrow 
chamber. 

The left cavity (cavum pulmo-cutaneum) obtains large dimensions as it 
is traced cranially and curves dorsalwards, leading to the pulmo-cutaneous 
arch on the one hand and into the carotico-systemic on the other. 

It is well known that although the ventricle is single its right half contains 
venous and its left side contains arterial blood. The conus arteriosus springs 
from the right side of the ventricle. Hence during the first phase of the ventri- 
cular systole, it is the venous blood which is forced into the right part of the 
conus arteriosus and flows along, but owing to the directive action of the spiral 
valve, and the inner surface of the semi-lunal valves of the pylangium, this 
venous blood is directed to the left cavity which leads to the carotico-systemic 
chamber directly and indirectly into the pulmo-cutaneous arch. The passage 
of blood to the carotico-systemic chamber is rendered impossible by the closed 
semi-lunar valves guarding the synangial region until the pressure rises suffi- 
ciently, and so the incoming blood finding the pressure keeping the valves 
d and S closed small, flows into the pulmo-cutaneous arch (see p. 307). During 
ventricular systole, as the blood in the right side flows into the conus arteriosus, 
arterial blood from the left part of the ventricular cavity streams across to 
the right side and mixes with the remaining venous blood. Thus the blood that 
is pumped out during the early part of the second phase of ventricular. con- 
traction, is of a mixed character. Any blood that enters the conus arteriosus 
during the second phase enters the right cavity of the conus and flows into the 
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left,, owing to the directive action of the spiral ‘valve. Hence it may be said 
that the blood does not “ get into the bulbus in the second phase under different 
conditions from those of the first.” 

Gaupp says: 

Bei gefiiltem Bulbus betrigt de Hohe der septumleiste ungefahr § des 
Bulbus-durchmessers, bei erschlafftem, leerem Bulbus ungefahr $, und bei 
contraction des Bulbus, wobei sich die Bulbuswinde nach der Basis des 
Septums als der relativ fenesten Wandepartie Zusammenziehen, komen die 
aussere Bulbuswand und der freie Rand des septum des zur Beriihrung, so dass 
alsdann das cavum aorticum und das cavum pulmo-cutaneum bulbi vollig 
von einander getrannt sind und das cavum pulmo-cutaneum hinten blind 
endigt, ohne communication mit dem ostium ventriculare bulbi. 


It should at once be stated that in Ceratophrys, the left cavity of the conus 
always ends blindly, posteriorly, and as already described gets into communi- 
cation with the ventricle only through the intermediation of the right cavity 
of the conus, 

Further, it is hard to imagine that the spiral valve, which becomes smaller 
as it reaches the cranial end, could possibly form a complete and absolutely 
unyielding partition between the right and left cavities of the conus arteriosus. 
The inapplicability of Gaupp’s suggestion to Ceratophrys becomes fairly 
evident, when it is realised that the ca: tico-systemic chamber is in direct 
continuity with the left cavity of the conus and if the cavity became separated 
from the right, during the second phase of ventricular contraction, practically 
no blood could get into the systemic «ud carotid arches. It does not seem 
justifiable to assume that, during the contractile period of the conus arteriosus, 
the ventral free edge of the spiral valve comes into contact with the ventral 
wall, so as to form an effective comparatively rigid partition, and cut off the 
left part of the cavity from all connection with the ventricle. For, in addition 
to the facts already mentioned, it is highly problematical, if a mass of tissue 
with very poor muscular contents can withstand the pressure of the inrushing 
blood. It is open to doubt if the spiral valve, which is § the diameter when the 
conus is full, § when it is empty and relaxed, would form an effective partition 
at any period, Hence no part of the.conus is, in my opinion, really devoid of 
blood at any given time and no such separation of the conus cavities takes 
place as mentioned by Gaupp. ; 

The manner of distribution of blood to the systemic and carotid arches in 
Ceratophrys does not differ in any essential points from that of Ranatemporaria. 


LUNGS. 


Two remarkably well developed lungs associated with the habit the frog 
has of puffing itself up, are present. They possess a very characteristic appear- 
ance. Each lung has the shape of a hollow conical bag measuring in its much 
contracted condition 35 mm. along its longer axis and 14 mm. across its shorter 
axis. The roots of the lungs are very narrow and each lung enlarges itself as 
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it recedes from its point of attachment. The lungs are covered by a delicate 
plenoperitoneal membrane and are spongy to the touch and the inner surface 
presents a honeycombed appearance. There are a number of polygonal 
chambers bounded by more or less cylindrical trabeculae which have attained 
rather large dimensions for an amphibian lung (Fig. 8). The trabeculae form 
a distinct network. The structure of the lung is demonstrated in a diagram of 
the transverse section (Fig. 8a) and in Figs. 8b, 8c. It will be seen that the 


o 





Fig. 8. Photograph of a portion of the interior of the lung of Ceratophrys showing 
the polygonal cavities bordered by well developed trabeculae. 


structure of the lung is typically Anuran in character; and the following points 
in the structure may be referred to as being of special interest. 

(a) The muscle tissue finds the greatest development in the trabeculae 
bounding the polygonal depressions. Histologically the trabeculae are com- 
posed of involuntary muscle fibres. The muscle cells are spindle-shaped with 
elongated and deeply staining nuclei. Extended examination shows that the 
muscle fibres pass from the trabecular region towards the muscular tissue 
found in the wall of the lung. 

(b) I have not been able to confirm'the statement that the cells near the 
angles of the trabeculae are columnar and ciliated. 
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(c) The capillaries are indeed very small and seem to be just wide enough 
to allow a single corpuscle though in some cases more than one corpuscle 
could be seen in a capillary. In exceptional cases only there are large vessels 
lying under the epithelial lining. 





Fig. 8a Drawing of transverse section of the lung showing the muscular trabeculae, vessels and 
capillaries. Mt. muscular trabeculae, Z. epithelial lining, Ca. capillaries, V. blood vessels. 





Fig. 8b. A photograph of the transection Fig. 8c. Photograph of the section of the tra- 
of lung to show large vessels, capillaries beculae of the lung to show the smooth 
and epithelial layer. muscle fibres with pronounced nuclei. 


THE PARATHYROID GLAND. 
According to Mrs F. D. Thomson, there are in the Anura she has examined, 
usually “two small oval or rounded corpuscles on each side of the body.” In 
Ceratophrys, however, there are two well developed large and greatly elongated 
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glands lying on either side just in front of the carotid artery and running across 
the arterial arches (Fig. 1, P). 

Histology. Histologically the gland consists of two not very well marked 
regions. The cortical region was not clearly distinguishable but the tissues of 
the gland consist of rounded, sometimes elongated, cells with granular contents. 
The arrangement of these cells in certain parts reminds one of the existence of 


Fig. 9. Photograph of the section of parathyroid to show its general structure. 


tubular structure. Whether or not they are actually tubular it is hard to state. 
The gland has a very rich vascular supply. Careful and extended examination 
reveals the existence of a few vesicular regions comparable to those of the 
thyroid gland but the absence of colloidal material renders the comparison of 
doubtful value. The intercellular tissue is of the fibrous kind and in some cases 
blood capillaries run by the side of what seem to be vesicular spaces. 


THE THYROID GLAND. 


There is a well developed gland on either side. The gland of each side is an 
oval corpuscle placed ventrally to the posterior process of the hyoid. It 
occupies a very concealed position. No difficulty is experienced in identifying 
the glands which are of the size of a small pea. Viewed with the aid. of a 
magnifying lens the gland appears lobulated on the dorsal surface while the 
convex ventral surface is devoid of the lobes, The glands appeared greyish 
in material preserved in 10 per cent. formalin. Surrounding the gland there is 
a network of blood vessels. 

Histology. This gland consists of large spherical or oval vesicles held 
together by connective tissue. The vesicles contain colloid material and are 
lined by cubical epithelial cells with distinct nuclei. The tissue lying in between 
the vesicles is of the fibrous variety and contains here and there a blood vessel. 
It is interesting to note that in the intervesicular tissue are also found groups 
of cells which seem to resemble the cells of the thymus gland. The cells of the 
vesicle and those simulating cells of the thymus contain granules. The gland 
is very richly supplied with blood vessels. 
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THE HYOID APPARATUS (Fig. 10). 


The hyoid apparatus presents some peculiarities in its shape, and its pro- 
cesses. The os hyoideum consists of a very thick cartilaginous plate, from 
which processes are given off and which forms the attachment to several 
muscles. The following parts may be distinguished in it. 

The body. The body is broader than it is long. From the anterior end the 
anterior cornua take their origin and project from the anterior part of the body 
first towards the cephalic region and then curve backwards and upwards, The 
posterior cornua are bony rods which run from the hinder margin of the hyoid 
plate and enclose the laryngeal apparatus in the angle so formed. The cornua 
are ossified to a large extent and bear at their posterior ends caps of cartilage. 
The general shape of the posterior cornua differs from that of other Anura. 


5 J 
7 
Fig. 10. A. Hyoid apparatus of Ceratophrys; B. Hyoid apparatus of Hyla ewingii (after Parker). 
Ac, anterior cornua, C. body of the hyoid, P. posterior cornua, 7'h. thyroid process. 


It should be noted, however, that the hyoid apparatus of Ceratophrys 
differs from that of other Anura in several interesting details, the nearest 
approach to it being made by that of Hyla ewingii figured and described by 
Prof. W. K. Parker in his monograph on the development of the skull of the 
Amphibia. 

The chief points of difference between the hyoid apparatus of Ceratophrys, 
and that of other Anura are: 

(1) The general shape and configuration of body cartilage. 

The measurements are as follows: 

Greatest length, 1 cm. 

Greatest breadth, 1°8 ems. 

Length of thyroid cornua, 2°5 cms. 

Length of posterior process, 1*2 cms. 

Distance between the ends of posterior processes, 3°2 ems. 
Distance between thyroid cornua, 1°4 cms. 
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(2) In Rana esculenta and many other Anura from the anterior angle, 
there projects on either side, a blunt rounded process. The body plate of 
Ceratophrys is devoid of these processes, 

(8) In Rana esculenta and allied forms the cornua styloidea bear anteriorly 
a process just at the point where it changes its direction. This process is 
unrepresented in the hyoid apparatus of Ceratophrys. 

(4) The cartilaginous body plate has slight traces of ossification at the 
postero-lateral regions. 


SUMMARY. 


1. A description of the heart of Ceratophrys is given and variation in the 
position of the origin of a. oesophagea and a. subclavius is noted. 

2. A detailed description of the conus arteriosus and of the valves in it is 
given. 

3. The function of the valves in the conus arteriosus is discussed at length 
and the conclusion that at no stage a complete partition of the conus arteriosus 
into right and left cavities by the spiral valve coming close to the wall of the 
conus arteriosus is arrived at—a conclusion contrary to the views of Ecker, 
Gaupp and their followers. 

4. The structure of the lung is studied. Attention is called to the remark- 
able development of muscular trabeculae. 

5. The structure of the parathyroid gland and thyroid gland is described. 

6. The peculiarities presented by the hyoid apparatus are noted. 
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THE OCCURRENCE OF POLYOVULAR GRAAFIAN 
FOLLICLES 


By WALTER P. KENNEDY. 
Department of Physiology, University of Edinburgh. 


In the large literature on the histology of the ovary there are occasional 
references to the occurrence of polyovular Graafian foilicles, and in almost 
every case this is characterised as a rare phenomenon. In the examination of 
. a series of ovaries for another purpose, this condition was met with in a rela- 
tively large number of specimens, which are described here. 

Previously polyovular follicles have been recorded in human subjects by 
Schottlainder (1), Nagel (2), Stoeckel (3), Rabl (4), Arnold (5); in bats by van Bene- 
den (6); in cats by Rabl (4) and Schr6én(7); in dogs by Waldeyer(16), Bouin (8), 
Wagener (9) and Smyth (10), in rabbits by Wagener(9) and Honore (11); in Dasy- 
urus by O’Donoghue (12); in pigs by Corner (13), and Schmaltz (14); and in guinea- 
pigs by Loeb (15). 

Unfortunately complete serial sections were not available in any of my 
cases, and the notes which follow refer only to one slide in each case. 

Dog 74 was an animal of about eleven months. The ovary contained several 
large follicles almost ripe, and many of middle size, but relatively few pri- 
mordial follicles. In places the latter were crowded together to the point of 
slight deformation but none were polyovular. Of the middle sized and large 
ones, eight were counted with two ova, two with three, one with four and one 
with five ova. It is possible that serial sections would have revealed more. 
Fig. 1 shows the follicle containing five ova, and is particularly noteworthy 
in that one of the ova is separated from the others by a membrana propria, 
in the corner of which a few connective tissue cells may be seen. The ovary 
was otherwise normal except that the connective tissue was not conspicuous. 

Dog S. This ovary contained two large corpora lutea, several half ripe 
follicles, and very few primordial follicles only one of which was biovular; six 
of the larger ones, however, were biovular and three triovular. One of the 
latter is reproduced in Fig. 2. At one side of the follicle is an old convoluted 
corpus luteum scar. The theca is not so well marked as is usual in dog’s ovaries. 
One middle-sized follicle in another part of the section lies beside a large follicle, 
separated from it only by the membrana propria, and causing it to bulge in- 
wards to a slight extent. This will be referred to later. This ovary contains 
more connective tissue than the preceding but still less than is normal. 

Cat Th. This cat had been thyrodectomised fourteen days before it was 
killed. There were six large follicles one of which contained two ova, at opposite 
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Fig. 1. Polyovular follicle of Dog 74, x 50. The theca interna (th.) is well marked and one ovum is 
separated from the others by a membrana propria (m.p.). 


Fig. 2. Triovular follicle of Dog 5, x 50. A convoluted corpus luteum scar (s.) lies at one side and 
several mitotic figures (mit.) can be seen in the membrana granulosa (m.g.). Notice the 
degenerating ovum (d.). 
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poles, and a large number of primordial follicles, of which at least 15 per cent. 
were double. Their appearance was similar to that in Figs. 4 and 5. 

Cat nn. There were a large number of follicles of all stages present in the 
ovary and one fairly old corpus luteum with a flattened appearance; the stroma 
was highly fibrotic but the appearance was otherwise normal. Four large 
follicles were biovular, three triovular and one (Fig. 8) contained five ova, and 
was peculiarly flattened on one side. Many of the primordial follicles were 
biovular, having apparently been pressed, or grown into each other. None 
showed any signs of mitosis (Fig. 4). 

Rabbit A. The section showed only a few middle sized follicles, but many 
primordial ones. In several places just below the germinal epithelium two 
primordial follicles had grown together so that the ova were immediately 
contiguous. No signs of division were observed in any of the cases (Fig. 5). 

Rabbit 19. This animal] had received some injections of corpus luteum 
substance. The ovary contained a large number of follicles, in all stages up 
to that of almost full ripeness, and no corpora lutea. Four of the follicles were 
biovular. The membrana granulosa of most of the larger follicles shows an 
interesting condition; some of the cells are arranged so that circular spaces 
are left, and these appear to be filled with liquor folliculi. These can be seen in 
Fig. 6 (c.s.) and to a less degree in Fig. 7, and are the “‘bodies”’ of Call and 
Exner. 

One of the biovular follicles (Fig. 6) contained one ovum apparently normal 
and another markedly deformed. Under a higher power the cytoplasm of 
the former was seen to be granular with a few indistinct vacuoles in the 
centre, while the latter was very vacuolated. Another biovular follicle 
is shown in Fig. 7. Mitotic figures can be seen in the membrana granulosa 
cells. 

Rabbit 0.5. The ovary contained very many follicles, mostly small, but 
was otherwise normal, The animal was about six months old. One large 
biovular follicle was found (Fig. 8). 

Rabbit nn. The connective tissue of the ovary was not conspicuous, and 
a triovular follicle was observed wedged between two large follicles. The ova 
were large with well marked zonae pellucidae but the cytoplasm was degenerated. 

Guinea-pig nn. A large corpus luteum occupied the main bulk of the ovary. 
There was one large follicle, and it contained two ova of unequal size, at 
opposite poles. There were only a few primordial follicles. 

Fowl nn. In this case one follicle contained two closely apposed ova. The 
section was in other respects normal. 

Several suggestions have been put forward regarding the mode of origin 
of this polyovular condition. Stoeckel(3) suggested that they arose from the 
division of a single cell body with two or more nuclei formed by amitotic 
division. The evidence is not strong and this suggestion has not found favour 
with later writers. Waldeyer(6) was of the opinion that mitotic division of 
the original oocyte was the cause of polyovulation. Schottlander() held that 
they arise either from the division of the primordial ovum, or the inclusion of 
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Fig 3. Polyovular follicle of Cat nn, x 50. The dense nature of the 
connective tissue can be well seen. 


Fig. 4. Biovular primordial follicle of Cat nn, x 180. 


Fig. 5. Biovular primordial follicle of Rabbit A, x 180. 
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two separate primordial follicles, and that the latter is the more probable. In 
this he is supported by P. and M. Bouin (8), Honore (11) and O’Donoghue (12), The 
last named author points out that if a large number of ova are present within 
the follicle, it is unlikely that there would be no indication of division stages 
in the remaining follicles, and moreover, the fact that the ova are frequently 
in different stages of development, militates against the theory of division. 
Arnold’s interesting case of a woman whose ovaries showed 88 large polyovular 
follicles, containing up to thirteen ova, leads him to the conclusion that theories 
of division are not applicable to his material, but the probability is that the 
polyovulation is due to the development of a common follicular epithelium 
about two or more oocytes(5). In the present cases this seems to be the ex- 
planation in the majority, at least, though it is not quite clear whether it is 
due to a break down of connective tissue follicular cells or to the close con- 
tiguity of the oocytes from the earliest stages. Loeb (15) believes that the latter 
accounts for the origin of some polyovular follicles, but that the majority of 
cases are due to the intrusion of very small follicles, especially primordial 
follicles, into large ones. This also appears to be the explanation in some of 
those here, for in several cases, e.g. in Dog S, I have observed a small follicle 
pushed, as it were, through the theca of a larger one, and only separated from 
it by the membrana propria; indeed, in Fig. 1 one of the ova within the follicle 
is separated from the remainder by a membrana propria, to which some 
connective tissue cells still adhere. In no case was any evidence of mitotic 
division found. Loeb observed the polyovulation in the bypotypical ovary of 
a thyroidectomised guinea-pig and suggests that both modes of origin are due 
to the same cause, namely, relative inactivity of the connective tissue. Un- 
fortunately only two case histories were available to me, viz. Cat T'h and Rabbit 
19, and both had been subjected to conditions calculated to bring about an 
hypotypical condition of the ovaries. However, several of the other specimens 
are somewhat hypotypical, and certainly indicate that Loeb’s explanation has 
a strong foundation. 

Arnold (5) suggests that the smaller of the oocytes in a follicle containing 
several, might be arrested in development and probably degenerate so that 
all might disappear save one; or else that all might undergo atresia and never 
reach the stage of extrusion of the ovum. Schmaltz(14) is also of this opinion. 

Several of the figures show a degenerative appearance in one or more of the 
ova, particularly Figs. 2 and 3, which is very probably brought about by the 
increased competition for nourishment. 

Corner (13) suggests that a few cases of migration of the ovum may be 
accounted for by polyovular follicles; but the liquor folliculi does not appear 
to be formed in any quantity in very many of these follicles, although it is 
amply present in a few, and this would lessen the chances of the ovum entering 
the tube, according to Broman (17). 

Smyth (0) reports a case of two pups from a litter of fourteen, which had 
several polyovular follicles in their ovaries, one follicle containing seven ova. 
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Fig. 6, Biovular follicle of Rabbit 19, x50, One ovum (d.) is markedly deformed in shape and 
circular spaces (c.s,) are seen in the granulosa. The theca interna is very well marked. 


Fig. 7. Biovular follicle of Rabbit 19, x 50. 


Fig. 8. Biovular follicle of Rabbit 0.5, x 50. 
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Another of the pups had a litter of nine at the first birth. He considers this 
interesting as pointing a possible correlation between polyovulation and high 
fertility, but this appears to be not quite justified. 


CONCLUSIONS. 


Polyovular follicles are not of extremely rare occurrence and may be 
associated with a hypotypical ovarian condition. The mode of origin is 
probably partly due to primordial follicles becoming enclosed within the same 
theca, and partly to the intrusion of a small follicle into a large one. 


The expenses of this research have been defrayed by the Earl of Moray 
Fund of the University of Edinburgh. 
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AN-HERMAPHRODITE DOGFISH (SCYLIORHINUS 
CANICULA) 


By P. D. F. MURRAY, B.Sc. (SypNEY) AND 
JOHN R. BAKER, B.A. (Oxon.), 
Demonstrator in the Department of Zoology and Comparative Anatomy, 
University Museum, Oxford, Christopher Welch Scholar in Biology. 


Tue dogfish described in this paper was found among a number from Plymouth 
dissected by students in the Department of Zoology and Comparative Anatomy, 
University Museum, Oxford in 1919. Fortunately the student had only opened 
the abdominal cavity when the abnormality was noticed and the specimen 
preserved, 

External observation sufficed to show that the animal was abnormal. 
There were two claspers (Fig. 1). The right one was nearly as large as that of 


Fig. 1. The claspers and pelvic fins of the hermaphrodite, 


a normal male. The left on the other hand was smaller and somewhat de- 
formed. The pelvic fins were separated from one another posteriorly as much 
as in a normal female. In a normal male they are joined together almost to 
the tip. 

On dissection it was found that there was a normal and apparently func- 
tional ovary, in which eggs were found up to a volume of about 2 ¢.c. To this 
were attached two pieces of tissue which on microscopical examination proved 

23—2. 
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to be testes. The larger of the two pieces of testis was only 3 cms. long; the 
- other was much smaller. They were attached to the same fold of peritoneum 
as the ovary, with which the smaller lay in very close relation (Fig. 2). The 


Fig. 2. Section through the ovary and attached testis. 


demarcation of the testes was sharp, there being no transitional tissue. 
Histologically, the testis tissue appeared normal with all stages in spermato- 
genesis up to fully formed spermatozoa (Fig. 8). On one side of the larger 


Fig. 3. Section through the testis, more highly magnified. 


testis there were a number of tubules which probably constituted the rete 
testis. No trace of vasa efferentia was found. 

Both oviducts were normal, with shell glands, etc., of the usual size. 

The anterior part of the mesonephros approached the male condition in 
being better developed than in the average female. The Wolffian duct in its 
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anterior region shewed a condition intermediate between those of the two sexes. 
In the normal male it is a thick very much coiled tube, functioning as the vas 
deferens, In section (Fig. 4a) it is seen to be ridged internally, and its epi- 
thelium (Fig. 5a) consists of a single layer of ciliated cells with peculiar secre- 
tory cells scattered among them. In the normal female, on the other hand, the 
Wolffian duct follows a straight and narrow path leading to the urinary sinus. 
It is much smaller than the homologous duct in the male (Fig. 4b), and it is 
not thrown into folds internally. Its epithelium is two layered and not ciliated 
(Fig. 5b). In the hermaphrodite the duct is intermediate in thickness between 
the male and female condition (Fig. 4c), and it is somewhat sinuous. It is 
thrown into folds internally as in the male, but its epithelium is of several 
layers (Fig. 5c) and not ciliated, and does not contain any of the peculiar 
secreting cells characteristic of the male. 


ta Fig.46 Fig.4e 


Fig. 4. Sections through the Wolffian duct (all three drawings at the same magnification). 

a, a normal male; b, a normal female; c, the hermaphrodite. 

The posterior part of the Wolffian duct in the male is differentiated into the 
vesicula seminalis, in the female into the urinary sinus. Both the vesicula 
seminalis and the urinary sinus of normal specimens are considerably larger 
than the corresponding region of the Wolffian duct of this hermaphrodite. The 
vesicula seminalis of a normal male is similar histologically to the more anterior 
region of the same duct, which has just been described, The urinary sinus of 
the normal female has an epithelium similar to that of the female Wolffian 
duct further forward, but beneath this lie a corium, a layer of circular muscle 
fibres, a layer of diagonal muscle fibres, and a layer of longitudinal muscle 
fibres, in the order named. The corresponding part of the Wolffian duct in 
the hermaphrodite resembles the female condition except in the far less orderly 
arrangement of muscle and connective tissue. 

The arrangement of the ducts leading from the posterior region of the 
mesonephros of the hermaphrodite to the exterior was of the normal female type. 
A further female character was the absence of any sign of a sperm sac. 
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DISCUSSION. 


Hermaphrodites in Elasmobranchs are excessively rare, only two previous 
eases being known to the writers. One of these was described by Hoek (3). This 
was a specimen of Raja clavata, the bad preservation of which rendered detailed 
description impossible. A complete set of functional female organs, ovary and 
ducts, was present, and in addition, on the left side, there was a testis with 
ripe spermatozoa and a clasper. 

The other case was described by Vayssiére and Quintaret (4). On the left 
side there was no clasper and a complete set of female organs was present, 
differing only from the normal in that the shell gland was ill-formed and of 
three times the normal length. There was a well-developed ovary with a testis 
attached to its free edge. On the right side there was a clasper, and a complete 
set of male organs. There was also a normal oviduct present on this side. 


Fig. 5. Sections through the epithelium of the Wolffian duct (all three drawings at the same 
magnification). In all three drawings the lumen of the duct is to the right. a, a normal male 
(the Wolffian duct is here the vas deferens); 6, a normal female; c, the hermaphrodite. 


The following may be advanced as a very tentative hypothesis which would 
cover many of the facts. 

The individuals are supposed to be bilateral gynandromorphs, in which 
gynandromorphism has been over-shadowed by the sex-hormones in a varying 
degree. This is the same hypothesis as that put forward by Bond (1) to account 
for his hermaphrodite pheasant; but in Bond’s case the gynandromorphism 
was less obscured. According to this theory, the side that is male in its 
chromosomes responds more readily to the testicular hormone, while the side 
that is female responds more readily to the ovarian hormone. Put in another 
way, the theory is that when both testicular and ovarian secretions are cil-. 
culating in the blood and are balancing one another, a slight difference in the 
tissue itself may be sufficient to cause maleness or femaleness in any part of 
the body. The difference in the tissue concerned may be chromosomal, or it 
may be of a metabolic nature. The latter explanation must apply to the tail 
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feathers of Bond’s pheasant, for the outer half of each feather was male and 
the inner half female. 

It is to be noted that the writers’ case shows its gynandromorphism only 
in the poor development of the left clasper, and probably would not have been 
described as a gynandromorph had not the only other known cases of herma- 
phroditism in Elasmobranchs been of this nature. 

The differences between the three cases are perhaps to be accounted for 
on the additional assumption that the testicular hormone began to act at 
different times relative to the ovarian hormone in the three cases. Possibly the 
organs cannot be readily modified by sex-hormones except at a certain definite 
time in development. Thus the writers suppose that the left clasper in the case 
here described was developed to some extent because the testis commenced 
its secretion sufficiently early, whereas in the other two cases one of the two 
claspers was not developed at all because the testis commenced its secretion 
too late to modify towards maleness a part which was female in its chromosome 
constitution. This time-factor hypothesis is similar to that adduced by 
Dr F. A. E. Crew 2) to account for differences in the degree of intersexuality 
in intersexual pigs and goats. Different relative amounts of testicular and 
ovarian hormone would also have different effects. 

The writers fully realise that their hypotheses do not cover all the facts. 
They wish to express their obligations to Prof. E. S. Goodrich and to Mr H. M. 
Carleton for anatomical and histological advice, and to Mr J. S. Huxley for 
valuable criticism of the hypothetical part of the paper. 
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BILATERAL EPIPHYSIS AT THE BASAL END 
OF THE SECOND METACARPAL 


By CECIL P. G. WAKELEY, F.R.C.S. (Enc.) 
Assistant Surgeon, King’s College Hospital. 


Tue occasional appearance of an additional epiphysis at the base of a meta- 
carpal or of a metatarsal bone other than the first is of interest morpho- 
logically, surgically, and also from the standpoint of the radiologist. 

The following case of a basal epiphysis of the second metacarpal in both 
hands occurred in a female child aged two years, The only other child in the 
family was a girl aged four years whose epiphyses, as ascertained by skiagrams, 
were normal for that age. 

The ossific centres of the heads of the four inner metacarpals are well 
developed while that for the basal end of the first metacarpal is only just 
indicated in the skiagram. The only carpal bones which showed any sign of 
ossification were the os magnum and unciform. The epiphysis for the distal 
end of the radius is present while that for the head of the ulna has not yet 
appeared. 

In both hands the basal part of the second metacarpal appears to be 
separated from the shaft by a well-marked constriction. The ossific centre 
for the basal epiphysis of the first phalanx of each of the four inner digits is 
well marked, and is just indicated in the proximal phalanx of the thumb on 
the left side. The ossific centres of the epiphyses for the bases of the second 
phalanges of the first, second and third fingers were present but those for the 
little fingers had not yet appeared. The nucleus for the epiphysis of the distal 
phalanx was present in the thumb and second finger only. 

It may be worth while recapitulating the various theories which have been 
put forward in explanation of the peculiarities and ossification of the first 
metacarpal and metatarsal bones and the reduction in the phalanges in the 
thumb and great toe. . 

Since the time of Galen in the second century, the difference between the 
thumb and the remaining digits has attracted the interest of anatomists and 
surgeons; and, on account of the resemblance in the ossification of the first 
metacarpal bone to that of a true phalanx and the absence of one phalanx in 
the thumb and great toe, it was considered that the metacarpal and metatarsal 
bones of the thumb and great toe represented morphologically the first phalanx. 

Gegenbaur, however, contested the prevailing theory and brought forward 
evidence to show that the metacarpal bone of the thumb was in reality a 
true metacarpal bone and that the same evidence applied to the metatarsal 
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bone of the great toe. The principal evidence which was brought forward in 
favour of Gegenbaur’s theory was concerned with the relations of the muscles 
of the thumb and great toe; the occasional presence of a distal epiphysis in 
the first metacarpal or metatarsal bone and in the fact that the apparent 
exceptions to the rule that the epiphysis of the first metacarpal in certain of 
the mammalia such as the rabbit were in reality due to an error in the numbering 
of the digits in these animals. In the rabbit what is apparently the first 
metacarpal or metatarsal bone is proved on closer examination to be the 
second; a rudimentary first metatarsal being developed in embryonic life and 


Fig. 1. 


being easily visible in the foot of a young rabbit during the first month of 
extrauterine life. In the adult animal, however, this rudiment together with 
the first cuneiform fuses with the base of the second metatarsal and appears 
merely as a projecting tubercle on its inner aspect. 

If one considers the musculature, one is struck with the large development 
of the muscles of the ball of the thumb in the adult as compared with those 
of the first phalanges of the other fingers in which on the dorsal aspect there 
is only the aponcurosis of the tendons of the extensor communis digitorum 
muscle into which are inserted, with the exception of the fifth finger on the 
dorsal side, the corresponding lumbrical muscles and on the palmar aspect, 
the interossei muscles. As regards comparative anatomy the developmental 











342 Cecil P. G. Wakeley 


history of the human subject shows a gradual evolution of the thumb muscu- 
lature by a differentiation of the radially situated interossei muscles which 
has'led to the characteristic capability of opposition of the human thumb. 

Welcker emphasizes the importance of the origin of the first dorsal interos- 
seous muscle, the insertion of the opponens pollicis muscle and other muscles 
of the thumb as evidence of the metacarpal nature of the first metacarpal 
bone. The extensor “longus and brevis” pollicis muscles are originally separated 
bundles of the extensor communis digitorum muscle. The extensor longus 
pollicis muscle must be regarded as a radially disposed slip of the extensor 
communis digitorum muscle to the distal phalanx of the thumb, and the 
extensor brevis pollicis as an ulnarslip of the same muscle. The tendon of the ex- 
tensor longus pollicis muscle passes to the dorsal surface of the second phalanx 
of the thumb, and is situated on the ulnar side of the long axis of this phalanx. 
It represents on the ulnar side of the thumb the terminal portion of the most 
radially placed tendon of insertion of the extensor communis digitorum muscle 
into the third phalanx of a finger. 

The tendon of the extensor longus pollicis muscle is reinforced by a thin 
tendinous slip from the ulnar side of the extensor brevis pollicis muscle which 
is blended with the tendon of the extensor longus pollicis muscle and represents 
the middle slip of a tendon of the extensor communis digitorum muscle into 
the second phalanx. Given off from the radial border of the tendon of the 
extensor brevis pollicis muscle, is a still stronger bundle corresponding to the 
radial slip of the lateral insertion of the extensor communis digitorum muscle 
into the third phalanx of a finger. The expanded principal insertion of the 
tendon of the extensor brevis pollicis muscle thus corresponds with the middle 
slip and tendon of insertion of the latter muscle. This part which courses over 
the long axis of the first phalanx of the thumb is not inserted into the base 
or the dorsal surface of the first phalanx as one would expect if the metacarpal 
of the thumb in the greater part of its extent represented a first phalanx— 
but_itsgoes beyond the joint to the dorsal surface of the base of the second 
phalanx—indicating that the third phalanx of the thumb has absorbed the 
original second phalanx, the two being represented by a single enlarged 
phalanx bearing the nail. 

With regard to the palmar aspect of the thumb, Fiirst pointed out that 
the strong bundle known as the Fasciculus Exilis which springs from the 
flexor sublimis digitorum muscle and joins the long flexor of the thumb 
represents the flexor sublimis pollicis muscle which would like the proper 
tendons of the flexor sublimis digitorum muscle be inserted into the second 
phalanx of the thumb. The long thin tendon of the fasciculus is inserted 
along with the tendon of the flexor longus pollicis muscle into the distal 
phalanx which has assimilated an element which in the other fingers is repre- 
sented by the second phalanx. 

Thomson has also discussed the position of the first metacarpal and first 
metatarsal bones and confirmed Schwegel’s theory that frequently in the 
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thumb traces of a distal, and in the remaining digits, traces of a proximal 
epiphysis are found, and that these have fused with the shaft at an earlier 
period of development. 

Ufflemann attempted to unite the two opposed theories and prove that the 
first “‘middle hand” and “middle foot” bones were neither true “middle 
hand” or “foot” bones nor first phalanges, but could be explained as a 
representative of both. According to Ufflemann at a certain stage of develop- 
ment which lasts for a period of several years, there is an appearance of a 
special bony nucleus in the head of the first metacarpal, although in reality 
such a nucleus is never really present. In the new-born infant the distal carti- 
laginous epiphysis is somewhat less extended in the distal direction than the 
proximal epiphysis. In the remaining metacarpals it presents an annular con- 
striction. The proximal epiphysis appears in the third year and fuses with the 
diaphysis in the sixteenth year, whichis an earlier date than any other epiphysis 
of the hand bones. Between the end of the first and third year after birth, 
a stump-like process from the lower or distal end of the diaphysis grows into 
the cartilaginous epiphysis which on the radial side remains widely separated 
from the surface of the cartilage; on the ulnar side, however, it does not reach 
the surface. In the eighth year the diaphysis projects by means of this process 
nearly to the articular surface. On the radial side there remains between this 
process and the corresponding part of the extremity of the diaphysis a thin 
layer of cartilage which is for a long time excluded from the articulation. This 
layer at the twelfth year is 0:7 mm. thick. Sections therefore which pass some- 
what to the radial side of the longitudinal axis of the bone, afford at this 
period the picture of an independent nucleus, while further ulnarwards the 
bony substance of the shaft and head are continuous. At the twelfth year the 
intervening cartilaginous disc gradually ossifies from the deeper part towards 
the surface. Before ossification is completed, the macerated bone shows a 
more or less deep groove on the radial side between the head and middle piece, 
which might be regarded as indicating an incompletely fused epiphyseal 
border, 

The condition of nutrient foramina in the bones of the thumb was studied 
by Humphry and W. Krause. While in the first phalanges of the four inner 
fingers the nutrient foramina are situated near the distal end of the proximal 
third of the bone and are all directed distally. In the first metacarpal the 
nutrient foramen is directed distally and somewhat to the ulnar side. The 
nutrient foramina of the second, third, fourth and fifth metacarpals are situ- 
ated near the radial border of the volar surface of the shaft, and lead to a 
proximally directed canal. In this character the first metacarpal does not 
conform to the arrangement in the other metacarpal bones but corresponds 
with that of the phalanges. The condition of the nutrient arteries and their 
canals indicate that the growth of the bones at a certain embryonic period is 
relatively less rapid than that of the blood vessels and soft parts, for the 
nutrient arteries become proximally directed. 











344 Cecil P. G. Wakeley 


Pfitzner also attempted to explain the two segments of the thumb by a 
coalescence of two bony rudiments. He believed that the large distal phalanx 
of the thumb and great toe had assimilated the second phalanx and become 
indistinguishably fused with it. Soon after Pfitzner had propounded his 
assimilation theory, Salzer published the case of a man with three phalanges 
in both thumbs; and this man’s sister had a thumb with two phalanges, the 
distal phalanx was exceptionally long and a constriction was present in the 
centre of the bone, an indication that fusion of two phalanges might have 
taken place. 

Salzer agreed completely with Pfitzner in considering the last phalanx of 
the thumb as homologous with the second and third phalanges. 

Reider came to the same conclusion by studying the case of a man with 
three segments in the thumb; and this man’s four children all had the same 
deformity. 

First at a later date agreed with Pfitzner’s assimilation hypothesis on 
account of the study of a hand in a man with a three jointed thumb. 

Pfitzner himself at a later date described two cases in which there were 
three phalanges to the thumb on each side; thus he was able to demonstrate 
his hypothesis which he had propounded some years before. 

With regard to comparative anatomy, W. Krause is of the opinion that 
no explanation is to be expected because the thumb is more highly developed 
in the human subject than in any other species of the whole animal kingdom, 
Even in the apes the thumb is rudimentary. However, on the other hand 
Thomson points out that in some animals, for instance the kangaroo, koala 
and elephant, there is a much more complete and regular formation of a distal 
epiphysis in the metacarpal and metatarsal bones than in the higher mammalia, 
constituting in them what is apparently the normal mode of ossification. 
Further the peculiar condition observed in the seal in the forefoot of which 
animal the ossification follows the usual plan, while in the hind foot distal 
epiphyses are fully developed ‘in the first metatarsal bone and in all the 
phalanges except the terminal. Moreover in Ornithorhynchus there is a 
tendency towards the formation of both distal and proximal epiphyses in 
all the metacarpal bones, and, finally in the Cetacea the fullest extension of 
these accessory points of ossification is met with, proximal and distal epiphyses 
being present in all the metacarpal bones and all the phalanges except the 
less developed distal series. 

It may not be out of place to give an historical survey of the various 
theories which have led up to the present conception of the morphology of 
the metacarpal and metatarsal bones of the hand and foot. 

1, First metacarpal and metatarsal bones regarded as the basal phalanx of 
the thumb and toe on account of the proximal position of the epiphysis 
and the presence of only two segments in the thumb and great toe. (Galen.) 

2. The position and direction of the nutrient canals in the first metacarpal and 
metatarsal bones are similar to that of a phalanx. (Krause and Humphry 
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. First metacarpal and metatarsal bones are the true middle hand and middle 
foot bones. (Gegenbaur.) 

(a) Gegenbaur’s view supported by the homologies of the associated 
muscles. (Welcker and others.) 

(b) The occasional presence of distal epiphyses in the first metacarpal and 
metatarsal bones; and the confirmation of these observations in the 
human subject by the presence as the normal condition of true epiphyses 
at both ends of the metacarpal and metatarsal and proximal series 
of phalanges. (Thomson and Schwegel.) 

Occasional presence of three phalanges in the thumb and great toe. 
(Salzer and others.) 

Critical examination of pseudo-epiphyses at the bases of the second 
metacarpal and metatarsal bones. (Michaelis and Von Wyss.) 

First metacarpal represents the true metacarpal which appears as the 

proximal epiphysis and in addition the first phalanx which forms the shaft 

and distal end. (Ufflemann.) 

. Occasional epiphyses at distal ends of the first metacarpal and metatarsal 
and at the bases of metacarpals and metatarsals 2 to 5 are false or pseudo- 
epiphyses. (Freund.) 

Accessory carpal bones which may be mistaken for true basal epiphyses 

of the second or third metacarpals and form one type of pseudo-epiphysis. 

(a) Parastyloid. 

(b) Trapezoides secondarium. (Pfitzner.) 

Distal phalanx of thumb and great toe represents the fused second and 

third phalanges. Assimilation hypothesis. (Pfitzner.) 

In conclusion the balance of evidence seems to be in favour of Gegenbaur’s 
original assumption, that the first metacarpal and metatarsal bones are true 
middle hand and middle foot bones, and Pfitzner’s theory that the two 
phalanges of the thumb may be explained as resulting from the fusion of the 
middle with the distal phalanx is apparently correct. 


My thanks are due to my colleague Dr R. J. Gladstone for his help and 
suggestions which he has put at my disposal in writing this article. 
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JOINTS 


THE LIMITATION OF THEIR RANGE OF MOVEMENT, AND 
AN EXPLANATION OF CERTAIN SURGICAL CONDITIONS 


_ By E. JOYCE PARTRIDGE, F.R.C.S. 


Way does not energetic muscular activity normally endanger Joints? This 
is a question which has always seemed to me to be answered inadequately by 
the theories of movement and limitations of movement of joints as generally 
put forward by anatomists and physiologists; and it was in seeking a more 
satisfactory answer to this question, and in finding an anatomical fact with 
a functional value, that an explanation of this as well as certain pathological 
surgical conditions seemed to present itself. 

Some of the conditions referred to are the adduction of the femur in tuber- 
cular disease of the hip, the dislocation of joints which occurs in certain muscular 
paralyses, the so-called “congenital” dislocation of the hip, and the sudden 
disorganisation of joints in Charcot’s disease. 

These four pathological states will be referred to later; let us return for 
the moment to the normal joint. Consider first the weight of a limb when 
amputated, and the range and force of movement carried out in every limb 
by young and healthy subjects; when one thinks of these things and considers 
also the extreme disadvantage in regard to leverage at which the ligaments of 
all joints act, can one say that the strength of their ligaments is sufficient, even 
when supplemented by the support of the muscles surrounding them, always 
to protect joint ligaments from rupture or even joints from dislocation? 

The physiologist may give one reply to these questions by saying that 
normal muscular tone protects joints: and he is undoubtedly correct, because, 
by reason of its “tone” mechanically stretched muscle tends mechanically to 
contract, so that extension of a limb causes increased tension of the flexors and 
these therefore tend to contract and so prevent dislocation of their joint by 
hyperextension. Indeed, to carry this one step further, it has been proved 
that it is only by the reciprocal innervation of muscles, whereby the con- 
traction of one group sends an impulse of relaxation to the opposing group, 
that movement is ever possible, or that the animal body escapes being muscle 
bound. 

In this connection also it is interesting to remember the extreme flail-like 
condition of a limb in a case of flaccid paralysis; one has the feeling on moving 
such a limb that a very little excess of zeal in examining the range of movement 
in the joints, might cause dislocation in any of them; and from this one may 
deduce two things: That the ligaments do not limit the range of movement in 
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a normal healthy limb, and that even in a voluntarily relaxed limb the muscles 
check any excessive range of movement at the joints. 

This physiological protection of joints does not seem to me, however, to 
be an adequate explanation of the freedom from accident of the animal joint 
in every case. Consider for example the violent extension that takes place at 
the knee in kicking an object such as a football, or better still, the more violent 
extension caused by an attempt to kick the object and failure to strike it; in 
such a case the heavy leg and foot swinging forward at the knee joint are 
moving with considerable momentum. What happens? The swing is, of 
course, checked as soon as possible by the higher centres; but such intervention 
is relatively slow, and it is very doubtful whether the message would generally 
arrive in time to protect the joint. Let us suppose therefore that the normal 
reflex contraction associated with muscle tone shortens the flexors and stops 
hyperextension. This would protect the joint it is true; but in the case of the 
knee joint the flexors, besides crossing this joint, cross also either the hip or 
the ankle. Here therefore a weak point in this physiological protection of 
joints emerges, for if the reflex contraction which we know occurs, does so 
when the muscle is stretched to the point of danger to the joint, it cannot 
account for the protection of either joint when the muscle crosses two joints. 
In the case of the hamstrings acting on the knee therefore, in order to allow 
sufficient length of muscle to admit of normal extension at the knee with the 
hip flexed, it should become possible with the hip extended to hyperextend 
the knee without any intervention from muscle tone, similarly with the gastro- 
chemii. 

This protection of joints by muscle tone fails therefore for the knee joint, 
and it becomes probable that it is not the true explanation of the protection 
of joints generally. 

On the strength of these considerations I was first led into an investigation 
of the whole subject and found to my mind a much more satisfactory explana- 
tion of the relative immunity of joints from dislocation in the well developed 
nerve supply to all moveable joints, and the association of this nerve supply 
with the nerve supply to the muscles moving those joints. 

This association is, of course, expressed in Hilton’s Law? thus: — 

‘**The same trunks of nerves whose branches supply the groups of muscles 
moving a joint furnish also a distribution of nerves to the skin over the inser- 
tion of the same muscles; and the interior of the joint receives its nerves from 
the same source.” 

But although this law is still quoted by teachers of anatomy as a fact of 
a certain value to the labouring anatomical student, since Hilton’s time a real 
appreciation by the surgeon of the value of his words seems to have disappeared. 

With regard to the cutaneous distribution of nerves which Hilton mentions, 
that is to my mind of less importance than the muscular, although it has. its 
own value, but with regard to the relationship of the innervation of muscles 


1 Rest.and Pain (1887) by John Hilton, F.R.S., F.R.C.S., Lect. vin. 
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and joints, that bears further investigation and I hope to show later has a 
bearing on the study of more than one surgical condition found in joints. 

Let us therefore reconsider Hilton’s Law, and to begin with let us elaborate 
it thus: 

No joint is moved by any muscle whose nerve does not also supply a twig 
to that joint, and all the nerves which supply a moveable joint are branches of 
the nerves which supply the muscles moving the joint, and their distribution 
is on that surface of the joint which is controlled by those muscles. 


Here, however, let us hastily add, lest there be misunderstanding: the 
above statement can easily be proved correct in relation to all joints except 
those of the shoulder girdle and hip, in which case the joints being so near the 
great limb plexuses, their nerve supply comes in some cases, not from the same 
named nerve as that which supplies the muscles which move them, but from 
the same nerve trunk or trunks. This fact is difficult to embody in a precise 
law but forms no real exception to the rule. 

In this restatement of Hilton’s Law I say no joint is moved by any muscle 
whose nerve does not also supply a twig to that joint; and here I say moved 
with a purpose because in joints with little or no movement this rule does not 
apply. 

Thus in the sacro iliac, an almost immobile joint supported by perhaps a 
larger ligamentous mass than any other joint in the human body, the nerve 
supply is so negligible as to be entirely omitted from nearly all text-books of 
anatomy. Why? Because being an immobile joint there is no need for any 
relationship between the joint and the muscles crossing it, since the former 
cannot be influenced by the latter. 

The next point in our restatement. of Hilton’s Law is that every muscle 
that moves a joint is related by nerve supply to the joint which it moves. 
Hilton says vaguely in effect that the interior of the joint receives its nerve 
supply from the same source as the groups of muscles moving a joint, and this 
is perfectly true; but it is also true that if an isolated muscle from a group 
crosses a joint not acted on by the group as a whole, that isolated muscle 
becomes related to the foreign joint by its nerve supply although the joint 
may have apparently an adequate supply corresponding with the muscles 
acting on it in groups., An example will make this clearer, thus: In the case of 
the gracilis muscle which crosses the knee joint, this muscle belongs to the 
group of adductors of the thigh; and is supplied together with the adductors 
by the obturator nerve; but because this muscle is inserted distal to the knee 
joint the obturator nerve sends a twig to that joint, and this, in spite of the 
fact that the knee joint is already well supplied with nerves and the main 
distribution of the obturator nerve is in the upper part of the thigh, so that to 
reach the knee a long slender twig has to be sent out to some distance from the 
‘principal ramifications of the parent nerve. 

The next point in the restatement of Hilton’s Law is that: “all the 
nerves which supply a moveable joint are branches of the nerves which 
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supply the muscles moving the joint.” This is merely the converse of the 
previous statement; but it has its own importance in adding weight to the 
argument. Thus in the case of the elbow joint, all the deep nerves crossing 
it give twigs of supply to the joint because they all supply muscles acting on 
the joint; this is not remarkable owing to their relatively close relationship 
to the joint, but the musculo cutaneous nerve which is becoming superficial 
above the elbow and not an immediate relation of the joint, also gives a supply 
to the joint, whilst the internal cutaneous, which is about the same size, 
and similarly situated, does not; the reason for this being found, of course, in 
the supply of the musculo cutaneous to the biceps and brachialis anticus which 
act on the joint, whilst the internal cutaneous is purely a cutaneous nerve. 

To continue investigating the restated law it appears that the nerves 
supplying joints do so on that surface of the joint which is controlled by the 
muscles receiving the same supply. Thus in hinged joints the nerve supplying 
the flexor or extensor muscles is generally found lying on the corresponding 
surface of the joint, and may for that reason supply it on that surface; but in 
the case of a ball and socket joint such as the hip, to find the obturator nerve 
which supplies the adductors going to the lower and inner surface of the joint, 
to find the twig from the anterior crural which goes to the flexors supplying 
the anterior and antero-superior surface of the joint, and the twig from the 
sciatic which corresponds with the supply to the extensors going to the posterior 
and posterosuperior surface, is to my mind worth consideration, especially when 
the other great enarthrodial joint, the shoulder joint, shows equally well the 
same arrangement. 

In view of the above anatomical facts it seems probable that there is some 
functional relationship between muscles acting on joints, their nerve supply 
and the branch that nerve gives to the joint. Abduction of the thigh, for. 
example, may be carried on, not till the great trochanter touches the acetabular 
margin as we are sometimes told, but until the capsule on the mesial surface 
of the joint, on reaching a certain degree of tension, issues a message to the 
adductors to contract. Extension at the knee goes on not until mechanically 
stopped by the post-capsular ligament and the anterior cruciate ligament, 
but until the tension in them is sufficient to issue a reflex message to the 
flexors of the knee to contract, and so on throughout the body. 

The above is the part played by the capsule and capsular ligaments, but 
there is no doubt that muscle tendons where they cross joints and become 
attached to bone close to the articular extremities, also share the responsibility 
of protecting joints. 

It was well established by Professor Henry Head! that deep pressure sense, 
and sense of passive position, may be conveyed from structures such as joints 
by branches from the motor nerves running down the tendons to the neigh- 
bourhood of joints; but Professor Stopford? also proved that passive sense of 


1 Studies in Neurology, vol. 1, ch. VIII. 
__* J. 8. B. Stopford. “The nerve supply of the interphalangeal and metacarpophalangeal 
joints.” Journ. Anat. Oct. 1921. 
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position in joints may also arise from the nerve supply to the joints not 
associated with the nerves of the tendons. The value of the nerves which reach 
a joint by running in the tendon is apparently twofold; some of them on 
reaching the neighbourhood of a joint leave the tendon, and supply the 
surrounding structure, and act in a manner similar to the ordinary nerve supply 
to the ligaments, capsule, etc., whilst others end in ramifications in the tendon 
itself, This double distribution indicates a double function; those which leave 
the tendon and end in the structures surrounding the joint are said to bear 
Pacinian corpuscles, and they undoubtedly function as nerves of deep pressure 
sense and carry the stimuli which indicate joint position; that is to say, they 
convey information indicating which part of the capsule and surrounding 
structures are stretched, and which are lax, thus giving the higher centres 
information of the position of the various members, but also protecting the 
articulations from misuse by over-stretching any particular ligament or part 
of the capsule. Dr F. W. Mott! states: “I believe this sense of position of 
joints is due to a complex group of sensations arising in alterations in tension of 
structures about joints rather than in the alterations of contact of surfaces...in 
judging the sense of position in limbs.” : 

The nerves on the other hand which end in ramification in tendon, serve 
the samé purpose of protecting the joint, but they probably act in a slightly 
different manner, and they are probably responsible for the well-known pheno- 
mena of “tendon reflexes.” Here, instead of the overstretched ligament or 
capsule issuing a reflex message for the muscles to contract and avoid mishap, 
the tendon of the muscle itself, crossing the joint close to, or amalgamated 
with the capsule, is fully supplied with nerves. A sudden stretching of the 
tendon announces that in a moment, unless the muscle is prepared, it may be 
too late in contracting to save the capsule on that surface from also being 
stretched; in other words a sudden stretching of the tendon heralds danger to 
the associated joint, and it is because of this danger that the reflex contraction 
of the muscles occurs. A simple experiment in this connection will serve to 
illustrate the value of the protective mechanism in the tendons. 

Rest the elbow on the arm of a chair or some convenient support, with the 
forearm held comfortably vertical midway between pronation and supination, 
and the hand swinging loosely at the wrist. Now sharply fling the forearm 
laterally by a rotation of the upper arm outwards, so that the loosely swaying 
hand is flung backwards: The hand seems as it were to bounce, the recoil of 
the flexor muscles and tendons preventing hyperextension, but there is no 
reflex contraction of these muscles drawing or holding the hand forwards, and 
it just drops back with perhaps another one or two bounces if the movement 
has been performed sufficiently sharply. Now continue the experiment by 
sharply rotating the upper arm inwards; the bounce does not occur, but on 
the contrary the hand is pulled sharply back and held there by the extensors, 
and does not drop forwards again. The explanation is simple: The extensor 
1 D’Arcy Power and J. Keogh Murphy. A System of Syphilis, vol. rv, p. 361. 
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tendons are longer than the flexors, and extension at the wrist much more 
limited than flexion, so that whereas it is inconceivable that by flicking the 
hand backwards the joint might be endangered, it is easily possible to imagine 
the reverse happening, flinging the hand forwards with sufficient force might 
cause a forward dislocation, also the posterior part of the capsule of the wrist 
is not much strengthened by ligaments, consequently the tendons are called 
upon for protection; the sudden stretch of the tendons across the back of the 
joint when the hand is jerked forwards causes a reflex contraction of their 
muscles, pulling up the hand and preventing the joint injury which might 
otherwise occur. 

This action is similar to a tendon-reflex elsewhere, and has to my mind the 
same significance, and if it were possible to swing or flick any other of the joints 
at which tendon-reflexes are ordinarily elicited, the same effect would, I believe, 
follow ! 

A physiological explanation of the course taken by the nerve impulse is 
‘ outside the scope of this paper; indeed, I do not wish to do more than point 
out that it is significant that all joints have a full nervous protection associated 
so closely with the movements produced in them that it is an invariable rule 
that the same nerve which causes a certain movement in any joint bears also 
a sensory twig from the joint, announcing surely the extent to which that 
movement has been carried. And the fact that it is the same nerve which 
carries the sensory stimulus and the motor impulse suggests a very simple 
reflex with perhaps a single cell-station at the nearest possible point to the 
nerve distribution. 

In connection with the reflex protection of joints the process of mastication 
is interesting. Here it is not only the joint which may suffer through excessive 
activity on the part of the masticatory muscles, but the teeth and all the 
structures adjacent to them might also be damaged. In a limb injuries which 
might conceivably be caused by excessive muscular activity are limited to 
injuries to the bones or joints; whereas in the case of the mandible, excessive 
muscular activity might also break the teeth or bite a piece out of the tongue 
or cheek. That such an accident does not occur must be due to the fact that 
all the structures in danger, together with the muscles of mastication, are 
supplied by the 5th nerve, and a similar reflex to that mentioned above comes 
into action; otherwise it is marvellous to consider in biting any thin hard 
object (such, for example, as a ginger biscuit) that at the moment when the 
biscuit breaks, the teeth do not meet with sufficient impact to crack their 
enamel! Again, in the continuous use which is made by man of speech and 
mastication, when the tongue and cheek are constantly applied to the inner 
and outer side of the teeth, it is surprising that the accident of biting them 
does not more often occur. Everyone knows how painful, but how infrequent 
such an accident is; but does anyone know a sane person who has ever by 
voluntary muscular activity accidentally bitten a piece right out of either their 
tongue or cheek? And is it not probable that this accident is prevented by 
the fact that all these structures, together with the muscles which open the 

24—2 
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mouth! are supplied as already stated by the 5th nerve, and the rapid reflex 
already mentioned is called into action. 

In movements at this joint it is possible that the nerve supply to the 
capsule of the joint is one of the most important factors in supplying the 
afferent side of this reflex. Indeed, a simple experiment would seem to demon- 
strate that when the teeth are closely approximated the capsule, or part of it, 
is tense: thus in most people in the ordinary position of rest, although the 
mouth is shut the teeth are not closely approximated; but on propping up the 
chin with the hand for one or two minutes so that the teeth are pressed to- 
gether, although the masticatory muscles are relaxed, a distinct feeling of 
discomfort is felt in the neighbourhood of the joint, and the mouth is opened 
when the pressure is relaxed, with a sense of relief, showing surely that the 
capsule of the joint is so arranged that in order completely to close the mouth 
the posterior part of the capsule must be slightly stretched, enough, at any 
rate, to give a stimulus heralding the dangerous proximity of the upper and 
lower teeth. 

To return once more to Hilton’s Law. He states that “The same trunks of 
nerves whose branches supply the groups of muscles moving a joint, furnish 
also a distribution of nerves to the skin over the insertion of the same muscles.” 
This is, broadly speaking, true; but not so invariably and literally exact as in 
the case of the nerve supplying a muscle or group of muscles and its joint. 

Hilton’, for example, cites a relationship between the anterior crural nerve 
supplying the sartorius muscle of the thigh and the internal saphenous branch 
of this nerve with its cutaneous distribution, by saying that the muscle is 
inserted in the fascia of the inner side of the leg, and that the fascia spreads 
down to the inner side of the foot, whilst the nerve supplies the skin over this 
area of fascia. This is, I think, a little far-fetched ; but it does not for that reason 
negative the fact that there is a relationship between the nerve supply to 
muscles and skin in many cases; in fact, broadly speaking, all over the body 

1 In connection with mastication, it should be noted that the movement of opening the mouth 
is incorrectly described in many anatomical text-books. It is said to be caused by gravity, the 
mylohyoid, the geniohyoid, etc., with assistance from the external pterygoid, drawing the con- 
dyle forward. This description can readily be proved incorrect by opening the mouth against 
pressure, and at the same time performing the act of swallowing, when it will be found that the 
hyoid moves up and down in the usual way, thus eliminating hyoid muscles as active depressors. 
Moreover, the power to open the mouth against pressure is so great that it is impossible to hold 
shut the mouth of a person determined to open it, and it is therefore obvious that some powerful 
muscles are opening the mouth, and muscles, we have just proved, which are not associated with 
the hyoid bone. The muscles in question must be the external pterygoids of the two sides, the 
temporal, masseter, and internal pterygoid muscles being readily discounted by feeling them act 
during the process of raising the mandible against pressure. The external pterygoid unfortunately 
cannot be felt, but the process of opening the mouth consists of causing the mandible to rotate 
about its axis of rotation, so that when the condyles glide forwards on to the eminentia articularis, 
the horizontal ramus must be depressed. Now the fibres of the external pterygoid passing as they 
do horizontally backwards from the zygomatic fossa to the neck of the mandible and capsule of 
the joint, must on contraction draw the condyles forward, and the axis of rotation being fixed by 
the opposing action of the masseters and internal pterygoids of the two sides, drawing the condyles 


forward, causes depression of the horizontal ramus. 
* Rest and Pain, Hilton, ch. 1x. p. 214. 
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this law holds good, and where it does hold good, it seems to me that the 
relationship is probably similar to that already described for the muscles and 
joints—i.e. the distribution to the skin is related to that of the muscles in order 
to help in controlling the action of the muscles. Stretching the skin, for 
example, over the extensor surface of a joint, joins with the other afferent 
stimuli in restraining excessive muscular activity, and skin contact on the 
adductor surface reflexly prevents waste of energy in pressing neighbouring 
surfaces together. 

In conclusion: The same nerve which supplies any muscle supplies also 
the structures which are affected by movement of that muscle. In effect, 
muscular activity throughout the body is controlled by afferent stimuli from 
all the connective tissue structures either stretched, compressed, or in any way 
affected by that activity; the connection between the afferent and efferent 
stimuli being close, and the reflex a quick one. 

The foregoing anatomical facts and their functional significance, have at 
least a possible relationship to a number of pathological conditions which 
merit further investigation. Paralytic dislocations of joints, for example, are 
certainly elucidated; because in paralytic dislocation one or more of the 
muscles in relation to a joint are paralysed, and consequently protection of 
the joint by reflex contraction of those muscles is lost. 

Adduction of the thigh in tubercular disease of the hip may also be ex- 
plained, for if all muscular activity is controlled by afferent impulses sent out 
from connective tissue, when it is subjected to stretching, compression, etc., 
it seems probable that disease in the head of the femur, by irritation of the 
obturator nerve, may cause an irritative contraction in the adductors which 
this nerve also supplies. It being significant in this connection that the stage 
of the disease in which adduction occurs is often said to correspond to the stage 
of the disease in which the head of the femur is suffering invasion. 

Congenital dislocation of the hip also is a phenomenon hitherto not fully 
explained, which these anatomical conclusions may be said to elucidate. 

This deformity is by many surgeons no longer thought to be truly con- 
genital in the sense that it occurs at or before birth, but rather at the time 
when the limb is first extended to support the weight of the infant. If this is 
the case the deformity which always occurs by a slipping out of the head of 
the femur on the lateral surface of the joint, may by the foregoing anatomical 
conclusions be explained; for a weakness of abduction of the joint at the time 
when the limb is brought down into the extended position must occur. The 
gluteus medius and minimus, the main abductors in the adult, are, in the 
flexed limbs of the infant, solely rotators; and it is easy to imagine therefore 
that when the limb is first extended they may upon occasion be slow to take 
up their new réle of reflex abduction, thus leaving the joint unprotected on its 
abductor surface, and any slight hyperadduction is uncorrected, so that after 
a time the capsule on the lateral surface of the joint becomes much stretched 
and the head of the femur rides out of the acetabulum. 
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Finally Charcot’s joints are undoubtedly explained by pathological con- 
ditions influencing the nerves, the anatomical distribution of which has pre- 
viously been described. Disease of the central nervous system leads to loss of 
the sensory side of the reflex are for joint protection, and this again to repeated 
assaults upon the joint by over-stretching in various directions of the capsule 
and ligaments; and the subsequent synovitis, disorganisation, and frequent 
dislocation of the joint is the inevitable result. 

Indeed Charcot’s disease is in a way strong evidence in favour of the 
presence of the reflex protection described for all moveable joints, Charcot’s 
disease is what would happen to all our joints if we had to depend for their 
safety on the strength of their bony contour, their capsule, their ligaments, 
and the support of their surrounding muscles, instead of on the reflex pro- 
tection afforded by the extensive sensory nerve supply which all moveable joints 
possess, and the muscles supplied by the same nerves. 


SUMMARY. 


Ligaments would more often suffer strain were they the only protectors of 
joints from dislocation, and normal muscles are not so arranged that their 
tone is adequate to protect joints from injury in ordinary circumstances, 

There is, however, a very close relationship between the nerve supply to 
muscles crossing a joint and the joint itself, suggesting a closer functional 
relationship between them than is usually appreciated. This relationship is 
only manifested for moveable joints, these being the only ones in danger of 
dislocation by excessive muscular activity; and muscles supplied by a nerve 
are always connected by the supply of that nerve to the particular surface 
of the joint on which those muscles act, again emphasising the functional 
relationship between the two structures. Tendons also carry branches from 
the motor nerve supplying their muscles to the structures surrounding their 
insertions, and to the neighbouring joint surface, these branches being proved 
to be sensory. ; 

Thus joints are by their nerve supply very closely linked to the muscles 
which act on them and this anatomical fact has a probable functional value. 

The constant nerve relationship suggests a simple reflex are protecting joints 
by reflex muscular contraction, both from simple strain caused by excessive 
muscular activity, as well as from more violent injury. 

In cases where structures other than the joint are in danger from excessive 
muscular activity (such, for example, as the teeth, tongue, etc., in relation to 
the process of mastication) it is found that the reflex protection holds good for 
all the structures involved, all being supplied by the same nerve. Skin also, 
in relation to joints, can give information of the extent of movement taking 
place in the joint and is supplied by the same nerve as the muscle causing the 
movement. Thus all muscular activity throughout the body is controlled by 
sensory stimuli from all the structures affected by that muscular activity. 

Certain pathological conditions are elucidated by the foregoing anatomical 
facts, notably adduction of the thigh in tubercular disease of the hip, congenital 
dislocation of the hip, and Charcot’s disease of joints. 





HERMAPHRODITISM IN A MOLE WITH MALE 
EXTERNAL GENITALS 


By KATHARINE ROUNSFELL BROWN, 
From the Institute of Physiology, Glasgow University. 


Tue occurrence of a mixed sex gland in mammals is sufficiently rare to warrant 
this record of a case, although several instances of such hermaphroditism have 
been recorded. 

Krediet (1, 2) described the occurrence of an ovo-testis in a goat with female 
genitalia, but marked male characters of head and sexual behaviour. And in 
a later paper he describes a case, also with female secondary characters, in 
which the left gonad was a testis and the right an ovo-testis, 

Sand (3) recorded the case of a boy (?) in whom the presence of gonads, on 
the right an ovary, and on the left an ovo-testis, were determined. 

Crew (4,5,6,7) has recently published notes of several cases in domestic 
animals, frogs and fowls. In those instances where there were definitely mixed 
sex glands, the noteworthy point has been that the animal had developed the 
sex characters relating to the gland whose functional tissues were the more 
predominant; in nearly every case this was a testis. Also, as a rule, the testicular 
tissue showed signs of activity, mitosis being present, and often spermato- 
genesis. More especially was this marked in animals with male external genitals. 

The ovo-testis to be described occurred in a mole with male external geni- 
tals, killed in October, 1920, and forming one of a series used by Mr Watson(s) in 
the study of the suprarenals during the oestrous cycle. The intestines had 
been removed and the animal skinned and preserved before reaching the 
laboratory, so that more detailed examination was impossible. The animal was 
small, and sections of the tibial epiphyses were made, in an attempt to ascertain 
the age of the animal. As they were ossified it may be concluded that the 
animal was not a young one. 

The penis was well developed and normal to naked eye inspection, the 
prostatic swelling was present, though small. There was no sign of a vaginal 
orifice, or of any female internal genitalia. The apparent testes lay in the 
abdominal cavity, outside the pelvis, and they were attached to the posterior 
abdominal wall by a mesentery containing blood vessels. The connections with 
the genito-urinary system had been destroyed in removing the organs. No 
seminal vesicles were found. 

Behind the bladder and opening into the urethra posteriorly were the 
remains of a tube, present also in the normal animal, but differing slightly 
microscopically. The mucous membrane lining both was thrown into folds. 
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In the. hermaphrodite these were covered by columnar epithelium not present 
in the normal mole. The scent glands in the flanks of this animal were less 
prominent than in the normal adult, mole, and there were no scrotal pouches. 
The gonads were the normal size noted for testes during October. 

In each the ovarian tissue formed a crescentic strip applied to one side of 
the organ. On the right side it formed one-sixth of the circumference with 
breadth -19 mm., the diameter of the whole gland being 4-25 mm. On this 
side the ovarian portion did not extend to either pole. On the left side it 
formed one quarter of the circumference; the diameter of the gland was 
3-7 mm. and that of the ovarian part -59 mm. Here the ovarian tissue formed 


Fig. 1. Fig. 2. 


one pole of the organ, and isolated follicles appeared among the cells of the 
testicular part (fig. 1). 

On the right side the oval organ was composed of densely packed cells, 
except in the centre where the tissue was rarified. The ovarian portion was 
covered by germinal epithelium, and was composed of Graafian follicles in 
early stages of development, embedded in a spindle-celled stroma (fig. 3). 

The main mass of the organ had a fibrous tissue capsule, and was composed 
of two types of cells, the A type being large pale-staining cells with granular 
cytoplasm and large oval nuclei. These cells were distributed in groups of six 
to ten, best seen in the more rarified central portion. They had the appearance 
and to some extent the arrangement of tubular cells, but neither basement 
membrane nor lumen was present in any group (fig. 2). 

The B type of cells were also large, with less granular cytoplasm, and smaller 
dark-staining nuclei. These cells formed the bulk of the section, and they 
closely resembled normal interstitial cells. 
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In sections stained for fats by Sudan III and also by Nile Blue Sulphate 
the A type of cells did not take up the stain, whereas those of the B type showed 
a marked lipoid content. In a control section taken from a normal male killed 
at the same time, the tubular cells did not stain, but the interstitial cells show 
a staining reaction equal to that of the B cells. 

The line of separation between the two portions was definite, and in it 
were several large blood-vessels. 

Lying alongside the ovarian portion was a tube, oval in transverse section, 
whose appearance suggested that it was a Fallopian tube, but its ultimate 
destination was unknown (fig. 4). Against the opposite side of the same organ 
lay another tube, composed of a single layer of cubical cells with spindle-shaped 


Fig. 4. 


nuclei, This tube was like the inner coat of a vas deferens, lacking its muscular 
wall, 

The left organ was round and smaller than the right one; as in the other, 
the ovarian portion was covered by germinal epithelium, and contained many 
immature follicles. The testicular part contained both A and B types of cells, 
but here the A cells were less numerous and more scattered, and there was 
very little evidence of any attempt at tubule formation. 

On this side the line of demarcation contained some fibrous tissue in 
addition to blood vessels. No accompanying tubes were found. 

The interesting feature of this case is that the mole was to all appearances 
masculine, although somewhat small, while the testicular part of the gland was 
non-developed, as far as the tubules were concerned. The ovarian portion, on 
the other hand, was composed of healthy, normal-looking follicles. 

All investigations, from the early observations of Shattock and Seligman, 
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show that it is the interstitial cells of the testis that constitute the puberty 
gland, and determine the development of male secondary characters. In this 
animal these cells were well developed and formed a mass far in excess of the 
ovarian part of the gland. To this may be ascribed the development of the 
male secondary sexual characters. 

I thank Professor Noél Paton and Mr Watson for the encouragement and 
help they have given me in the carrying out of this work. 
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A CASE OF POLYDACTYLIA SHEWING CERTAIN 
ATAVISTIC CHARACTERS 


By SYDNEY SMITH, M.D., D.P.H., 
Professor of Forensic Medicine, 
AND 
BORIS BOULGAKOFF, M.D., 


Curator of Museum School of Medicine, Cairo. 


Tue specimen which we are about to describe is the right foot of an adult 
male Egyptian. The left leg had been amputated, and no history as to the 
condition of the left foot could be obtained. The brothers and the sisters of 
the person concerned were free from any abnormality. 


Fig. 1. Dorsal aspect of the foot. 


In fig. 1, which is a direct photograph from the dorsal aspect, is seen six 
digits, the first of which is directed inwards at a pronounced angle, similar to 
the thumb of the hand. 

The longest toe is the third, and each toe has a nail. 

The sole of the foot shews the skin thickened on the lateral border and on 
the ball, especially of the three lateral toes. 
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The X-ray photograph (fig. 2) shews that the skeleton of the foot consists 
of tarsus, metatarsus and phalanges. There may be seen the navicular, cuboid 
and second and third cuneiform bones, the talus and calcaneus having been 
removed. 





Fig. 2. X-ray photograph of the foot. 


A, digit representing the lateral division of the hallux. B, digit representing the mesial element 
of the divided hallux. Its base is united with the internal cuneiform. 


The great toe consists of one bone, and it is impossible to separate its 
various parts. 

The proximal extremity articulates with the navicular bone and also on its 
lateral side with the second cuneiform in its lower part. 

The first cuneiform bone is apparently absent, but it is represented by the 
proximal extremity of the toe, the lines of junction with the metatarsal being 
well shewn in fig. 2. 
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The two other cuneiforms should be regarded as the second and third, for 
they articulate proximally with the navicular bone and’ distally with three 
toes in such manner that the second articulates with an additional toe to which 
it is fused and the normal second toe, while the third cuneiform articulates 
with the third normal toe. 

Lateral to the third cuneiform is the cuboid, which articulates’ with the 
fourth and fifth toes in the normal manner. 

All these articulations have been proved by dissection. 


Tend. of ¥ 
extensor 
hallucis 


Tibialis 
anticus % 


Peroneus 
tertius 





Fig. 3. Dissection of dorsum of the foot. 


On dissection the muscles of the foot were found as follows: 

Dorsal aspect (fig. 8). Extensor digitorum longus consists of four tendons 
which are directed to four toes from the third to the sixth, being attached to 
the second and distal phalanges. 

To these tendons at the level of the first phalanx the extensor digitorum 
brevis sends an attachment. The first division of the extensor digitorum brevis 
sends two slips which are attached in the same manner as the above, but from 








362 S. Smith and B. Boulgakoff 


the medial slip an extra attachment goes to the first phalanx of the additional 


toe. 
‘Lateral to the extensor digitorum longus is the peroneus tertius composed 
of two tendons which are inserted as fascial slips into the sixth metatarsal bone. 
The tibialus anticus is inserted into the base of the first toe slightly distal 


to its articulation with the navicular bone. 


7 #\*Interosseous 


Y_ Mf Flexor hallucis 
brevis 


Flexor 
digit: 
brevis 








Fig. 4. Dissection of plantar aspect. 


The peroneus brevis goes to the styloid process of the sixth metatarsal 
bone and sends a slender slip to the tendon of the digitorum longus in the 
manner of an extensor. 

The short extensor of the great toe is absent. 

The extensor hallucis longus is not inserted dorsally but passes between 
the great and additional toe to the plantar aspect where it will be subsequently 
described. 
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Plantar aspect. In the plantar aspect the following muscles are found 
(figs. 4 and 5): 

M. flexor digit brevis sends tendons only to three toes, namely, to the third, 
fourth and fifth toes of this specimen, being inserted into the middle phalanx 
in the normal manner. 

M. flexor digit longus with the lumbrical muscles is inserted into the third, 
fourth, fifth and sixth toes in the normal manner. 


Flexor. f- 
digitoruni J 
brevis 


Flexor digit. | f mei 
longus ae : 


Adductor 
hallucis 


Flexor hallucis 
% revis 


Quadratus 
plantae f 


Peroneus 
longus SE 





posterior. 


Flexor hallucis 
ongus 


Fig. 5. Dissection of plantar aspect. 


M. quadratus planti is present and inserted in the normal manner. 

M. flexor hallucis longus, after crossing the flexor digitorum longus, gives 
to the latter a strong slip and continues to the dorsal aspect of the foot under 
the adductor hallucus, losing its original function. 

The tibialus posticus, after insertion into the navicular bone and the base 
of the great toe, sends two strong slips to the second and third cuneiform bones. 

In the lateral aspect of the foot, in the sulcus of the cuboid and under 
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the longitudinal plantar ligament is the peroneus longus muscle, which is 
inserted into the base of the great toe, the base of the third metatarsal and 
into the second and third cuneiforms. 

The eminence of the great toe consists of a mass of muscle, possibly the 
abductor hallucis fused with the flexor brevis hallucis, both being inserted 
together at the site of the sesamoid bones. 

The adductor hallucis has a direction which more resembles the adductor 
pollicis with oblique and transverse heads and is inserted into the base of the 
metatarsal bone of the great toe, or what we assume to be such. The eminence 
of the little toe consists of abductor, flexor and opponens muscles normally 
disposed. 

The interosseous muscles are situated in such manner that, on the dorsal 
aspect, there are four muscles which represent abductors from the middle line 
which, in our specimen, passes through the third digit. 

The first interosseous muscle is composed of two parts (fig. 6), one of which 
takes origin from the base of the great toe and the other from the third meta- 
tarsal, missing the additional toe. 

On the plantar aspect there are three interosseous muscles attached in the 
usual manner to the fourth, fifth and sixth toes, being adductors to the middle 
line. 

In the additional digit there is a tendinous slip without muscle passing from 
the base of the metatarsal to the first phalanx on its mesial aspect. Vessels 
and nerves are normal, but the dorsal artery of the foot gives off its deep plantar 
branch between the additional digit and the third metatarsal. 

From the above dissection we suggest that the first toe represents the 
normal great toe, the second toe is an accessory toe and that the third, fourth, 
fifth and sixth toes represent the normal second, third, fourth and fifth toes. 
This is proved by the fact that the second toe, which we shall call the accessory 
toe, has no muscles attached to it and that all the muscles found which are 
normally attached to the great toe are attached to the first toe, the apparent 
absence of the first cuneiform being explained by the fusion of this bone with 
the first metatarsal, indicated by the articulation of the toe with the navicular 
bone. 

The fourth, fifth and sixth metatarsals articulate normally with the third 
cuneiform and cuboid. 

The second cuneiform articulates with or is ankylosed to the accessory toe 
and the third (or second normal) toe. 

If the accessory toe be removed, then the rest of the skeleton of the foot is 
normal, 

‘The arrangement of the muscles further bears out our suggestion, for the 
tendon of the tibialus anticus, which should be inserted into the medial aspect 
of the first cuneiform and first metatarsal, is inserted into the great toe in the 
position where the line of junction is indicated in the X-ray photograph and 
by the insertions of the tibialus posticus and peroneus longus. 
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The change of direction of the adductor hallucis may be explained by the 
changed position of the great toe which represents the thumb. 

The arrangement of the interosseous muscles is a further proof that the 
second toe is accessory because the middle line of the foot passes through the 
third toe which is the longest and is apparently the normal second toe. 


Fig. 6. Shewing arrangement of dorsal interosseous muscles. 


If we now turn to the Simiidae, we find that in the gorilla the pedal inter- 
osseous muscles are grouped about the third digit in the majority of cases, and 
in a few cases about the second digit, the first arrangement corresponding to 
that in the chimpanzee, orang, some varieties of gibbon and the Cercopithecidae 
generally, the second corresponding to that found in man. In this respect the 
gorilla is in a transitional stage of evolution, and intermediate between the 
Hominidae and the other Simiidae (Duckworth, Morphology and Anthropology). 

Our specimen would appear to lend support to the above statement, and the 
evolution from a six-toed ancestor with prehensile great toe, if such has 
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occurred, would seem to have had an intermediate step in which the second 
toe was suppressed, thus allowing the great toe to fall into line with the re- 
maining four as in present day man. 

The assumption that there was an extra digit between the great toe and the 
second toe is supported by certain described variations in the cuneiforms, 
Thus Dwight (Anat. Anz. vol. xx, p. 465) has described two instances of the 





Fig. 7. Shewing arrangement of plantar interosseous muscles. 


occurrence of an os intercuneiforme on the dorsum of the foot at the proximal 
end of the line of articulation between the internal and middle cuneiform 
bones. 

Cunningham states that numerous cases of division of the internal cunci- 
-form into dorsal and plantar parts have been recorded, and the frequent 
division of the metatarsal articular facet is no doubt correlated with this 
anomalous condition. 

The constriction at the base of the metatarsalbone of the accessory digit 
in our specimen, as seen in fig. 2, might reasonably be assumed to be an extra 
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cuneiform bone, the persistence of which explains the condition found by 
Dwight. 

We desire to express our thanks to Professor D. Derry for his help and 
criticism during the preparation of this note, and for his kindness in reading it. 
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SOME FEATURES OF THE ELBOW-JOINT 


By A. RALPH THOMPSON, Cu.M., F.R.C.S. 
a ee 
‘Ture are some points in connection with the elbow-joint, which are worthy 
of attention and, perhaps, of explanation. These features are as follows: 
(1) The “carrying” angle. 
(2) The division of the joint into, at least, two parts. 
(8) The presence of an apophysis on the inner side of the trochlea of 
the humerus. 
(4) The limitation of flexion of the joint. 
In addition, the reason of certain features in the radio-ulnar joint may 
be considered here: 
(5) A well-marked area on the circumferential articular surface of the 
head of the radius, which is much deeper than the rest of the surface. 
(6) The sacciform nature of the synovial cavity of the upper and lower 
radio-ulnar joints. 
Certain other points may arise, but these do not require a separate heading. 
(1) The carrying angle. This is the term which is applied to the angle 
which the forearm makes with the upper arm. It is open outwards, and has 
received attention in a paper written by H. Percy Potter in the Journal of 
Anatomy and Physiology, vol. xx1x. pp. 488-491. The author states in this 
paper that the carrying angle is more pronounced in females than in males; 
and that there is no deviation inwards of the forearm across the upper arm 
during flexion of the joint. These statements, which Dr Potter makes, are 
definite and accurate. It is strange that they have not received the attention 
to which they are entitled, and, in fact, statements are still made in text- 
books that the forearm is carried across the upper arm in flexion of the 
elbow-joint, and the reason for this speculation is that the hand is thus carried 
more easily to the mouth for purposes of eating, than it otherwise would be. 
As if men had not moveable cervical vertebrae and a central nervous system. 
A statement, which is diametrically opposed to this, has been made to the 
effect that the angle does disappear during the movement of flexion, and the 
following analogy is offered, in explanation of the supposed disappearance. 
If a piece of paper be cut with straight sides sloping away from each other, 
and, at their meeting points, the paper be folded across, the angle disappears 
when the sloping sides are folded over. This is quite a simple demonstration, 
but it does not hold good for the elbow-joint. That it is not analogous in 
any way may be easily demonstrated, by giving-up mathematical speculation, 
and experimenting upon the joint itself. For this purpose it is necessary to 
move the humerus upon the ulna, and to note thedisappearance of the angle, 
during flexion, and the cause of this disappearance. The experiment may be 
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performed as: follows: a hole is bored through the humerus just above the 
lower end, and approximately through the axis of movement; a metal rod is 
fixed in the hole, and mounted on a suitable support, in such a way that the 
bone may be rotated easily. The ulna is then articulated with the humerus, 
and is kept in contact with it by means of a spring. The ulna need not again 
be touched. The humerus is so placed that it lies in a position of extension. 
The ulna now makes an angle with the humerus of about 170 degrees, opening 
outwards. The humerus is now brought through a movement of flexion, and 
it will be seen that the angle disappears, but that the bones do not cross each 
other, and, therefore, no “eating” angle is formed at all. The angle disappears 
because of the varying depth of the inner lip of the trochlea. The inner lip 
is, in a typical bone, relative to the outer lip, six millimetres deeper below, 
five millimetres deeper in front, and practically equal to it in the upper part. 
The angle, then, is clearly caused by the shape of the inner lip, and it will 
be found that by cutting away the outer lip, still leaving the inner lip, the 
carrying angle and its disappearance remain as they were before the removal 
of this part of bone” The reason of the existence of the carrying angle is, 
probably, this. Not only does its presence enable the extended upper limb 
to swing clear of the body, but it allows the clear swing to take place even 
when the hand is fully pronated, and more so when it is only semi-pronated. 
The angle might be thought to disappear when the hand is pronated, but the 
disappearance is imaginary, and is due to the radius coming across the ulna, 
and thus masking the angle. This statement raises the point which it is 
desired to make in this paper. The existence of the carrying angle enables 
the pronated hand to be kept in the same axis as that of the upper arm, and, 
thus, to add very much to the strength of a thrust with the upper limb, 
and, conversely, to a pull. In this way, only, is it to be explained, and not 
by reference to the carrying of weights, except in so far as the hand is 
pronated in so doing.’The presence of a carrying angle is recognised by 
surgeons, who refer to it by the term “cubitus valgus.” This is, surely, a 
bad expression as with the analogous terms of “hallux” and “pes valgus ” 
it will indicate to the student that there is something pathological about the 
carrying angle, which there certainly is not. 

The study of the angle, in the monkeys, is very interesting. I plead guilty 
to a prejudice against these “poor relations,” but I think it will be admitted 
that the upper limb of monkeys is not as fine a product as that of man. The 
monkeys appear to have a good carrying angle, but the appearance, like 
some of their actions, is deceptive. The monkeys possess a carrying angle, 
but we must not be led astray by the appearance of an angle until we have 
examined their humerus. 

Through the kindness of Dr Sontagde, of the Zoological Gardens, London, 
and of Prof. J. P. Hill (whose continued kindness to me I should like to 
acknowledge) I have been enabled to examine three different kinds of monkey, 
viz.: Macacus rhesus, Cercocebus fuliginosus, and baboon, and it is quite clear 
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that in these three animals the direction of the head of the humerus is 
different to that of the head in man’s humerus. é 

The articular surface of the head of the humerus of a monkey points in 
the same direction as the olecranon fossa, almost directly backwards; whereas 
that of man is directed inwards and backwards, and does not point in the 
same direction as the olecranon fossa. Relative, then, to man, the upper 
limb of the monkeys must be rotated outwards. Slight flexion of the elbow 
will then give an impression of a very large carrying angle in the monkey, 
when, in fact, it is not as large as that of man. 

The carrying angle is present at all ages in man, and is found in full term 
foetuses, and in quite young children, and this observation is particularly 
interesting, as the strength of the upper limb is of prime importance to the 
young child. It is, therefore, with much regret, that in Prof. Wood Jones’ 
eharming work on Arboreal Man, I find an illustration of a new-born baby 
(fig. 76), and of a child aged eighteen months (fig. 77) in both of which there 
is no carrying angle apparent. 

(2) The division of the joint into two parts. This is suggested by the trans- 
verse groove or line, which runs across the greater sigmoid cavity of the ulna, 
but there is almost an equally obvious suggestion of such a division in the 
lower end of the humerus. The outer lip of the trochlea is not a continuous 
ridge, for it is broken at the junction of its posterior two-fifths, and the 
anterior three-fifths. At this point there is very often a prominent tubercle. 
I do not doubt but that this tubercle is perfectly well known, but I am sure 
that I did not realise its exact significance until I had examined the joint by 
an indirect method and in the following manner. A thick flat mass of plasticine 
is laid on the table, and the lower end of the humerus, in the position of 
extension, is laid upon it. It is pressed firmly down, and the humerus is then 
carefully rotated in a wheel-like manner on the plasticine. It is moved through 
180 degrees. At the end of the movement the bone is in the position which 
it would occupy in the position of flexion of the joint. Great care must be 
taken that the bone in being rotated, does not slip forwards. The slipping 
forwards may be prevented by putting several pins at regular intervals in 
the circumference of the inner lip of the trochlea, or, better still, by driving 
tin plates into it. If firm pressure be made whilst the rotation is thus being 
carried out, a very good picture of the joint surface is obtained on the surface 
of the plasticine. The size of the impression will vary as the actual size of 
the circumference upon which the movement is made, but with this reserva- 
tion we need not further consider the size of the impression. When we study 
such an impression, one important fact is at once apparent. 

This fact is quite obvious on the bone but is brought out really better 
on the impression. The capitellum cuts into the trochlea in a most pronounced 
way, and the tuberele which has been mentioned is situated behind the 

-capitellum, and does not lie on its inner side as-might have been expected. 
The mere fact that the capitellum does not extend back as far as the trochlea 
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must be taken as an indication that the humerus as well as the ulna shows a 
division of the joint into two parts, a division which is indicated on the ulna 
by the transverse groove which runs across its greater sigmoid cavity. But 
the division of the joint into two parts is also indicated by the tubercle which 
has just been mentioned, for at the point where this tubercle is developed 
the external lip of the trochlea is interrupted. If the ridge. which terminates 
in the tubercle were prolonged directly forwards, it might, in some cases, 
cut off as much as the inner third of the capitellum. By this amount, therefore, 
the capitellum will cut into the trochlea, No attempt is made to deny that 
the olecranon portion of the greater sigmoid cavity may not take part in the 
movements of the joint, but, it may be stated that this part of the joint is 
chiefly concerned with the security of the joint during its movement, and 
especially during the completion of extension. It is well known that writers 
have stated, and denied, that there is a screw movement in. the joint, but 
this must not be taken to mean that there is a wobbling of the joint when 
it is moved. As extension is being brought about the upper part of the cavity 
clutches, with a lateral pressure, the back part of the trochlea in such a way 
that the pressure is transmitted inwards, and my reason for making this 
statement is as follows. If the radius be removed from the articulation, it 
will readily be observed that there is a considerable portion of the outer part 
of the greater sigmoid cavity which is exposed in flexion, and that when 
extension is made and completed, this surface which is at a considerable angle 
with the rest of the upper part of the articular surface, is covered by the 
outer lip of the -trochlea, and, in fact, by that part of the trochlea which 
terminates in the tubercle. As this is happening a considerable pressure will 
be obviously directed inwards, and we are now in a position to explain the 
third point which is raised in the argument of this paper. But before this 
little question is answered an additional feature in the joint surface is to be 
noted. There is an accessory articular surface of the greater sigmoid cavity 
situated on the outer part of that portion of the cavity, and lying below the 
transverse groove which runs across the cavity. This accessory part lies above 
the lesser sigmoid cavity, and the tubercle, which has been noticed, lies against 
it in extreme extension of the joint. It is triangular in outline with its base 
directed inwards, and, as flexion takes place, it becomes entirely uncovered. 

(8) The presence of an apophysis on the inner side of the trochlea of the 
humerus. It is, of course, well known that an apophysis extends downwards 
from the shaft of the humerus between the trochlea and the internal condyle 
of the bone. That the apophysis is developed in connection with the inward 
pressure, which we have seen is exerted in an inward direction, would appear 
to be an obvious point and requires no further labouring. 

(4) The limitation 0, flexion of the joint. Some authorities think that 
limitation of flexion is brought about by the soft structures on the front of 
the joint coming’ into contact with one another. Although I am perfectly 
willing to accept the statement as true, I should have thought that whilst 
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muscle sense would have informed us when we had moved the joint sufficiently 
in the direction of flexion, pressure on the muscles, and also on the artery 
and vein and nerves is hardly the way in which extreme flexion is controlled. 
Now, if the lower extremity of the humerus be examined, it will be found that 
there is a well marked ridge between the coronoid fossa, and the small fossa 
above the capitellum. In the recent state this ridge is covered with cartilage, 
and the outer part of the coronoid comes into collision with it when the joint 
is fully flexed. This limitation is brought about before the soft parts are 
pressed upon to any great extent. It is not without significance that the 
particular part of the coronoid concerned in taking the pressure is supported 
by a ridge which is perfectly well known as the tuberosity of the ulna. 


The radio-ulna joints 

(5) There is a deepening of the circumferential articular surface on the inner 
side of the head of the radius. What the exact significance of this may be I 
am not prepared to say, but, as a matter of fact, when the forearm is fully 
supinated, the tendon of the biceps lies against it, and may be stretched over 
it, and thus may be responsible for the extension of the surface in this region, 
in the same way as the tendon of the ilio-psoas may be responsible for the 
prolongation of the articular surface of the head of the femur on its front 
aspect. (I am aware that there are many distinguished anatomists who do 
not share this view, but I have seen a case in which there was considerable 
softening of the hip-joint as a result of disease, and the tendon of the ilio- 
psoas had cut into the femur in the region where the extension of the articular 
surface on the front of the neck normally takes place.) 

(6) The sacciform nature of the synovial cavities of the upper and lower 
radio-ulnar joints. The probable explanation of this peculiarity is as follows. 
If when viewed from the side the outline of the capitellum suggested a perfect 
sphere there might be no need for the loose cavities which are present in these 
joints; but the outline is far from being circular, and, thus, there must be some 
upward and downward movement of the radius upon the ulna in the move- 
ments of the elbow-joint, and it is to this upward and downward movement 
that the sacciform nature of these joints is due. 


The observations in this paper may be summarised as follows: 

(1) The formation of the carrying angle is due to the varying depth of 
the internal lip of the trochlea, when compared with the depth of the external 
lip. During flexion of the elbow this angle is not converted into an eating 
angle. The reason for the presence of the carrying angle is to be found in the 
better mechanical condition which exists during pronation of the hand. 

(2) The joint is divided into.two parts as is indicated by the transverse 
groove which runs across the greater sigmoid cavity of the ulna, and also, 
on the humerus by the posterior margin of the capitellum, and by the tubercle 
on the lower end of the bone. 
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(8) The formation of the apophysis at the lower end of the humerus is 
to be referred to the greater pressure which is exercised upon the inner lip 
of the trochlea, when compared with that upon the outer lip. 

(4) Extreme flexion is limited, in movements of the elbow joint by the 
meeting of the humerus and ulna. 

(5) The increased vertical extent of the inner portion of the circumferential 
articular surface of the head of the radius may be due to its contact with the 
biceps muscle in supination of the forearm. 

(6) The sacciform nature of the synovial cavities of the upper and lower 
radio-ulnar joints is due to the upward and downward movement of the 
radius upon the ulna in flexion and extension of the elbow-joint. 

My only excuse for writing this paper which is based upon a demonstration 
of the movements of the elbow-joint which I was enabled to give before the 
Anatomical Society at Cambridge, is the possession of several fresh joints, 
and their study through several years. 








LENGTH OF LONG BONES AND THEIR PROPORTION 
TO BODY HEIGHT IN HINDUS 


By Proressor N. PAN, 
Anatomical Department, Medical College, Calcutta 


As there are no records of the length of long bones in Indians and their 
proportion to body height, I intend to publish my observations on this 
subject. A series of measurements has been taken on 142 subjects, including 
males and females. These subjects were brought to the dissecting hall of the 
Medical College, Calcutta, and all of them were adult Hindus, chiefly of 
Bengal, Behar and Orissa. 
Body length 

The length of the body has been measured, with the scalp and soft parts 
of the soles of the feet intact. In Table “A,” the subjects have been arranged 
in order of their stature. It will be observed that there are altogether 142 
subjects, of which 86 are males and 56 females. The body length ranges from 
70” to 55", giving an average of 62”, taking the males and females together. 
The average stature of an Englishman, according to Galton (Life Hist. Album), 
is 68”. According to Dr Humphry (The Human Skeleton), the average height 
of an adult European is 65”, so the average stature of a Hindu is shorter 
by 3” to 6”. The table shows at a glance that the body height is much greater 
in males, as the subjects towards the beginning of the table are mostly males, 
whereas the subjects towards the end of the table are mostly females. Taking 
the average height of the males and females separately, it is found that in 
the former it is roughly 64” (63-8”), and in the latter 59”. 


Length of the long bones 
The length of the femur, tibia, fibula, humerus, radius and ulna has been 
measured in the fresh state with the articular ends covered with cartilages. 


Femur 
The length represents the distance between the articular surfaces at the 
two ends. The length varies from 14” to 18}”, giving an average of 16-2", 
taking the males and females together. Taking the two sexes separately, the 
average length in males is 16-7” and in females 15-5”. The proportion to body 
length varies from 29-3 to 23 per cent., giving an average of 26-2 per cent.— 
whether the sexes are taken together or separately. 
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Tibia 

The length represents the distance between the articular surface of the 
head and tip of the medial malleolus. The length varies from 12” to 16’, 
giving an average of 13-8” when both sexes are taken together. In males, the 
average length is 14-2” and in females 13-2”. The proportion to body length 
varies from 25 to 19-4 per cent., giving an average of 22-3 per cent. when both 
males and females are taken together. Taking the two sexes separately, there 
is no difference in the proportion to body height, the average being the same 
in both sets of cases as in the femur. 


Fibula 


The length has been calculated from the tip of the styloid process to the 
tip of the lateral malleolus. The length varies from 12” to 164”, giving an 
average of 13-9” when both males and females are taken together. In males, 
the average length is 14-3”, while in females it is 13-3”, The proportion to . 
body length varies from 25-4 to 20 per cent., giving an average of 22-4 per cent. 
when both males and females are taken together or separately. 


Humerus 


The length has been measured between the articular surfaces. It varies 
from 93” to 133”, giving an average of 11-6”, when both sexes are taken 
together. In males, the average length is 12”, whereas in females it is 11-1”. 
The proportion to body length varies from 15-9 to 20-7 per cent., giving an 
average of 18-8 per cent., when both sexes are taken together or separately. 


Radius 


The length has been measured between the articular surface at the top 
of the head and the tip of the styloid process. It varies from 8” to 103”, giving 
an average of 9”, taking males and females together. In males, the average 
length is 9-5”, whereas in females it is 8-8”. The proportion to body length 
varies from 12-9 to 17-3 per cent., giving an average of 15-1 per cent. when 
both sexes are taken together or separately. 


Ulna 


The length has been measured from superior surface of the olecranon to 
the tip of the styloid process at the lower end. It varies from 84” to 11}’, 
giving an average of 10-2" when males and females are taken together. In 
males the average length is 10-5”, while in females it is 9-7”. The proportion 
to body length varies from 14-4 to 19 per cent., giving an average of 16-4 per 
cent., whether the two sexes are taken together or separately. 
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Table A 


The subjects have been arranged in order of their body length. 
The measurements are in inches. 
L. =length, P.=proportion to body length calculated to a scale of 100. 


Body Femur Tibia Fibula Humerus’ Radius Ulna 
Sex L.—P. L.—P. L.—P. L.—P. L.—P. L.—P. 
18 —25°7 16 —22-9 15}—22-1 133—19-3 103—15 113—16-8 
183—26-8 153—225 15 —21-7 124—18-1 9 114—16-7 
163—23-9 154—22-1 15 —21-7 12 —17-4 , 103—15-2 
174—-25-4 15 —21-7  15$—22-5 12 —17-4 2 114-—16-7 
17 —25 16 —23-5 163—24-2 124—18-4 4—15-4 11}—16-5 
163—24-3 133—19-9 133—20-2 13 —19-1 ‘4 114-—16-9 
18 —265 14 —206 14 —20-6 12}—18-4 , 103—15-8 
173—25'7 14 —206 14 —20-6 133—19-9 104—15-4 
174—25'7 15 —22-1 153-228 12}—18-4 ‘7 114-165 
18 —26-5 14}—21-3 1443-213 13 —19-1 4 11 —16-2 
17 —25-4 15} —228 15 —22-4 11 —16-4 . 93—14-6 
173—26-1 153—23-1 15 —22-4 13 —19-4 ° 114—17-2 
173—26-1 15 —22-4 154—23-1 12 —17-9 ‘7 11 —16-4 
16 —23-9 143—21-6 15 —22-4 11}—17-2 11 —16-4 
163 —25 —22-4 15}—22-:8 13 —19-4 11}—16-8 
173—26-7 —22:5 143—21-8 13 —19-5 4 11 —16-5 
163—25 —20-'8 13}—20-1 12 —181 *8  10}—-15-5 
18 —-27-3 —242 16 —242 13}—20-1 ° 103—-16-3 
17 —25-8 —22-7 15 —22-7 12}—18-9 ° 114-—17-4 
18 —27-3. 15 —22-7 15 —22-7 124—18-9 9 11 —16-7 
18 —27:3 16 —24-2 153—23-:9 123—18-9 ‘9 11 —16-7 
17 —25-8 15 —22-7 15 —22-7 12 —18-2 ° 11 —16-7 
17 —25-8 15 —22-7 15 —22:7 13 —19-7 ‘8 11 —16-7 
173—26-5 14 —21-2 144216 10}—15-9 . 94—14-4 
18 —27-3 14}21-6 143-224 12 —18-1 “1 10§—15-9 
163—25'8 133—20-8 133-208 13 —20° 103—16-2 
15 —23-1 13}—20-4 13 —20 12}—188 “6 103—16-2 
173—26-9 15 —23-1 15 —23-1 12 —18-5 4 103—16-2 
17 —26-2 143—22-3 14}3—22-3 124—19-2 -2  114—17-7 
164—25-4 14}—21-9 143—22-7 124—18-8 “6 10}—15-8 
165—25-4 14 —215 14 —21:5 12$—19-2 ° 11 —16-9 
16 —24-6 14 —21-5 144223 121—18-8 14-6 103=16-5 
16 —24-6 13}-208 14 —21-5 12—185  9$— 10}—15:8 
16 —246 14 —21-5 144-223 12 —18-5 “4 103—16-5 
1645—25-4 14 —215 14 —21-5 12 —18-5 ‘4 11 —16-9 
16 —24-6 14}—22-3 15}—23-5 124—19-2 4 11 —16-9 
17 —26-2 14 —21-5 144-221 12 —18-5 3—14-6 10}—15:8 
17 —26-4 153-24 153-24 11—17 ‘7 10 —153 
163258 14} 22-5 144 99-5 123—19-4 ‘1 10}—163 
17 —26-7 15 —23-4 15 —23-4 12 —18-7 4 11 —17-2 
17 —26-7 132-215 14 —21-9 123—19-5 “6 11 —17-2 
163—26-2 15 —23-4 143-23 123—19-9 "6 113—18 
17 —26-7 14 —21-9 133%—21-5 10}—16 ; 93—15-2 
16}—25-4  144—22-7 14422-7 12 —18-7 -2  103—16-4 
163—25-8 14 —21-:9 14 —21-9 11}4—18 "8 10 —15-6 
17 —26-7 14 —21-9 14 —21-9 123—19-5 “6 11 —17-2 
163—26-2 144--22-7 147-23 123--19-9 3—16-4 114—18 
17}—27 154—23'8 15}—23-8 12 —18-7 ‘8 10}—16 
1843—-28-9 154—24-2 153—24-2 1243—19-5 4 113—18 
174—27-3 144—22-7 15 —23-4 124—19-5 8 11 —17-2 
16 —25 144—22-7 15 —23-4 114—18 “6 11 —17-2 
152—24-6 133—21-5 13$—21-:1 12 —18-7 *8 103—16-4 
17}-—27-4 14}-—22-6 124—19-8 5 11 —17-5 
16 —25-4 144—23 11}—18-7 ‘1 10 —16 
17}--27-4 14 —22-2 2 12 —19 
174—27-'8 15 —23-8 124—-19-8 11 —17°5 
15 —23-8 13 —20-6 J 4— 9}—14-7 
16 —25-4 14 —22-2 . ‘7 10}-—16:3 
173}—27'3 15 —23:8 , . 10 —15-9 
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Body Femur Tibia Fibula Humerus Radius Ulna 
L. L.—P. L.—P. L.—P. L.—P. L.—P. L.—P. 
14423 13 —206 13 —206 11 —I17-5 84—13:5 9}—15-1 
163—26-2 14 —-22-2 133—21-4 114—183 94-147 10 —15-9 
154—24-6 14 —22-2 14 —22-2 114—183 9415-1 10}—16-6 
18j3—29-2 15 —24 143-236 12 —192 10—16 11 —17-6 
153—25-4 131-214 13 —21 113—18-5 94-153 10 —16-1 
16 —25-8 134—21-8 13}—21-4 11 —17-7 84—13'7 93—15-3 
174—28-2 13$—21-'8 13%—22-2 12 —19-4 94-153 10 —16-1 
16 —25-8 14 —226 14—226 12—194 9-—145 10 —16-1 
17 —27-4 14 —226 14 —226 114—185 94-153 10}—16-9 
163—26-6 14 —226 14 —226 113-185 8-—I129  94—153 
163—26-6 13 —21 13 —21 114—185 9 —I145 10 —16-1 
164—26-6 14 —22-6 13}—21-'38 12 —19-4 94-153 10 —16-1 
16 —25-8 14 —226 14 —226 11 —17-7 94—153 10 —16-1 
16}--26-2 15 —24-2 143-234 12 —19-4 9415-3 10}—16-9 
16 —25-8 144—23-4 14 —226 11—177 9-—145 10 —16-1 
15 —24:2 12 —19-4 2 12 —194 10 —16-1 10 —17-7 
163—26-6 14 —22-6 23 12 —19-4 94—15:3 103—16-9 
164—-26-6 14 —22-6 113—18-5 8}—13-7 10 --16-1 
17 —27-6 14 -—-22-8 ; 11 —179 9—146 10 —16-3 
164—26-'8 13}—22-4 j— 114—18-7 8413-8 |: 103171 
163—26-8 14 —22-8 11 —179 9-146 10}—166 
15 —24:6 12}—-20-5 ; , 103-172 8—13-:1 9 —14-7 
16 —26-2 14 —-23 113—18-8 94—15:6 93—16 
163—27 13}—21-7 112—19-3  9}-—15:2 10}—17-2 
163—27-5 15 —24-6 > 12}—20:1 10 —164 11 —18 
164527 134--22-1 ‘7 11-184 92-152 10 —16-4 
16 —26-2 14 —23 *8 12 —19'7 103—17-2 11 —18 
16 —26-2 13$—22-1 134—22- —19-7  9}--15-2 10}—17-2 
16 —26-2 15 —24-6 —19-7 93—15-6 10}—16-8 
163—27:3 134—22:3 : —19-8 9$—15-7 104—17-4 
173—29-2 144—24-2 . —18°3 4—14- 93—15-8 
154—25-4  13}-—22-1 : 11 —18-3 . 93—15°8 
154258 13}—22-9 133—22-9 113—19-6 10 —16-6 
16 —26-6 14 —23:3 13 ‘9 114—19-1 . 94—15°8 
15 —25 14 —23-3 3 11 —18-3 ] 4 10 —16-6 
16 —26-6 13 —21-6 6 113—19-2 10 —16-6 
163—27:5 13 —21-6 -22-5 11}—18-7 10 —16-6 
15 —25 = 13 --21-6 —21-6 10}—17-1 . 9 —15 
16 —26-7 13 —21-6 ‘1 113—19-2 ‘6 10 —16-6 
153—25-8 123—20-8 : 10 —16-6 3 94—15°5 
164—27-5 14 —23-3 ‘3 11 —18-3 ; 93— 15-8 
15 —25 13}—22-1 6 103—17-9 9}—15-4 
15 —25 13 —21-6 ‘6 114—19-2 9316-2 
16 —26-7 14 —23-3 3 12 —20 -2 10$—17-5 
153—25-8 134—22-5 6 11 —183 10 —16-6 
15 —25-4 13 —22 ° 103—17°8 ° 9 —15-2 
154258 134229 g 10}—17-8 9 —15-2 
15 —25-4 13 —22 11 —18-6 . 94—16-1 
16 —27-1 13 —22 5 12 —20-3 -16-1 10 —16-9 
15 —25-4 13$—22-9 ‘9 114—19°5 ‘3 10 —16-9 
153—26-3 14 —23-7 -2 10 —16-9 -13- 8}—14:'8 
15}—26-9 13 —22-2 5 12— 20-5 ° 11 —18-8 
15 —25-6 123—21-8 ‘8 10}—179 8}-141 9 —15-4 
154265 13}—22-6 133235 114—19-7 5 9-158 
135—23-3 124—21-5 ‘1 10}—181 8$—-146 9 —15-5 
17 —29-3 14 —241 . 12 —20'7 9—I15:5 10 —17-2 
15 —25-9 133$—23-2 4 11 —19 9 —15:5 10 —-17-2 
1526-3. 13 —22-4 22-8 11 —19 83—14-6 9316-8 
16 —27-6 13}$—23-2 ‘1 11}-194 9-155 9316-8 
16 —27-6 144—25 113—19'8 94—16-4 10}—17-7 
163—28-4 14 —24-1 — 12 —20-7 10 —17-2 11 —19 
15 —25-9 134—23-3 3 12 —20-7 93—16-4 103—18-1 
15}26-3 13 —22-4 ‘8 11$-198 83—151 9}—16-4 
15 —26-1 13 —22-6 299-2 108-185 9 —15-6  92—16-9 
153—27 124—21-7 f— 11 —19-1 8}—15-2 94—16-5 
154—27-2 13}—23-7 13}—23-7 103—18-4 8} 145 94—166 


e 
mn 





M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
F. 
F. 
M. 
M. 
M. 
M. 
F. 
F. 
M. 
M. 
M. 
F. 
M. 
F. 
M. 
M. 
M. 
M. 
M. 
F. 
M. 
M. 
F. 
F. 
M. 
M. 
F. 
F. 
F 

F. 
M. 
F. 
F. 
F. 
F. 
M. 
M. 


= 


—_ 
: 


bet tf a a a a 





Professor N. Pan 


Femur Tibia Fibula Humerus Radius Ulna 
L.—P. L.—P. L.—P. L.—P. L—P. e L—P. 
154—27-2 12}--21-5 124219 10}—18-4 8 —14 9 —15-8 
16 —28-1 12 —2l-1 12 —21-1 11 —193 84—149  94—16-6 
14 —246 12}—21-9 121-216 10}—18-4 83—14-9 93-—-16-6 
15 —26-3 12 —21-1 123—21-9 11 --193 84-149 9 —15-8 
14 —%6 12 —21-1 12 —211 10—175 8 —14 93—16-6 
16 —-28-1 12}—21-9 13 —228 11 —193 9 —I158 10 —-17-5 
14 —246 12 —21-/1 12 —2l1-1 10—175 8 —14 9 —15:8 
14 —246 12 —21-1 124219 9}—166 8 —14 84—14-9 
143—26-1 12 —21-2 12 —21-2 11 —19:5 84—15 9i—16-8 
15 —26-5 12 —21-2 12}—22-1 11 —19-5 93—16-8 103—18-6 
15 —268 13-232 13 —232 10$—18-7 8}—14-7 8}—15-6 
15 —26-8 12 —-21-4 123—223 104-187 8-—143 9 —16-1 
15 —268 13 —23-2 133—241 11 —196 84—15:2 94—17 
144—26-1 12 —216 12 —216 11 —19-8 83—15:8 94—17-1 
15 —27-3 13 —23-6 123—23-2 11 —20 83—15:9 94-173 
15 —27-3 12}—22-7 123—22-7 113-205 9-164 94$—17:3 
144—25-9 13 —23-6 13}—241 11}—20-1 93—17-:3 9 —16-4 


Table B 
In this table the average lengths of the long bones in inches and their proportion to body length are given. 
L. =length, P. = proportion to body length calculated to a scale of 100. 


Femur Tibia Fibula Humerus Radius 

Body —“~— Vemma a sy 
L. L. Pp. L. P. L. é L. P. 
63-8 16-7 262 14:2 223 14- 4 12 188 
59 15°5 — 132. — 13- iC i 
62 16-2 —_ 138 — 13- 116 — 


65 17-88 27:5 144 22-15 _— — 12-7 19-54 92 14-15 
— — 275 — 22-15 — — 19-54 — 1415 


It will be observed from the previous tables that the average length of 
the long bones of the thigh and leg in males is greater than that of the females 
by about an inch, whereas in the case of the arm and forearm bones the 
difference is less, ranging from -6” to -9”. The proportion to body length 
however is the same whether it is calculated from male or female bones. 
There has been aslight variation in the two sexes in the case of the tibia, 
fibula, humerus and radius, but this has been neglected as it did not exceed 
-1 per cent. As there are no previous records of these measurements in India, 
I hope these observations will be of some use to Medical Jurists in India. 

My grateful thanks are due to Professor Sir Arthur Keith for suggesting 
to me to take up this subject. I thank Dr Bipin Behari Bysak, Demonstrator 
of Anatomy, for his kind help in carrying out this observation. 








ANOTHER CASE OF HERMAPHRODITISM IN MAN 
By A. GIRGIS, M.R.C.S. (Enc.), L.R.C.P., B.Sc. (LOND.). 


A case was admitted to the Gynaecological Wards of Kasr-el-Eini Hospital, 
Cairo, under Doctor Mahfouz Bey, by whose courtesy I was able to make the 
following observations. 

The object of reporting this case as an appendix to the two cases reported 
in the Journal of Anatomy, Lv11, Part 3, April 1923, is the presence of a few 
more valuable points elucidated in this case, on account of the fact that 
microscopical and abdominal examinations were made. 


























Figs. l-and 2. Full-face views of patient described in text. 
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The patient, aged 19, had been married for three years, and came to the 
Hospital for treatment for sterility. The patient said that coitus was not 
properly performed, and that “‘she” had no sexual feelings towards either sex. 
“She” has six sisters and two brothers, who are all apparently normal. “She” 
has a slight moustache, and “her” shoulders, breast, tial and features are 
those of a man (Figs. 1 and 2). 

The vagina is short and narrow and ends blindly. No uterus or ovaries 
could be felt. Two tumours were present—one on either side of the symphysis 











Fig. 3. Tumours in labia majora. 


pubis, which could be pushed into the labia majora (Fig.3). Labia minora are 
well-developed. The clitoris has been removed (circumcised) but shows a 
thick root. The urethra opens into a normal vestibule. There is no sign of 
hymen. 

Note in Figs. 1 and 2, the pubis is prolonged downwards, giving the appear- 
ance of the corresponding part in man. 

The following measurements were taken: 

Antero-posterior diameter of outlet pelvis 9 cms, 


Transverse of outlet ab a a A 
External conjugate ase ete a ae 
Intercristal oF Bee “se se A 
Anterior interspinus pal es io eS 
Posterior interspinus ee we i. Ey 


Intertrochanieric ... a as pao 
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The left tumour was removed and microscopically examined. It proved 
to be a testicle with a vas, 

The testicle shows active spermatogenesis. The abdomen was also opened, 
and the absence of uterus, ovaries, tubes, prostate and seminal vesicles was 
confirmed. The testicle measured 4-2 cms, in length, and 2-2 ems. in breadth. 

This case is of type “B,” mentioned in my previous paper, i.e. the patient 
is an imperfect male. Again, whether this is a case of true, or pseudo-herma- 
phroditism cannot be said for certain, as the right tumour was not removed, 
though it felt and gave the sensation to the patient of a testicle, like the 
left one. 
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TENSOR FASCIAE SURALIS 


By D. BARRY anp J. S. BOTHROYD, 


Third Year Students of Medicine in the Anatomy Department 
of the University of Melbourne. 


Tue m. tensor fasciae suralis is defined in Quain’s Anatomy as being a muscular 
slip passing from one or other of the hamstring muscles to the fascia of the 
back of the leg. Its appearance in the human subject is sufficiently rare as to 
justify its description when met with. 

In our specimen the abnormality occurred in a male subject, aged 70 years, 
and was present on the left side only. The muscle arose from two fascial slips, 
the one from the deep surface of the fascia lata of the middle of the flexor region 
of the thigh at the point of divergence of the biceps femoris and the semi- 
tendinosus, and the other from the fascia lining the deep and medial surfaces 
of the biceps femoris. These two slips of origin unite to form a tendon which, 
after a course of about one and a half inches, splits to enclose a flat muscular 
belly about three inches in length, which runs distally across the popliteal 
space immediately deep to the fascia lata. At the distal extremity of the 
muscular belly the two fascial slips of origin re-unite to form a tendon of less 
than an inch in length, which finally expands to become blended with the 
fascia over the gastrocnemius and the deep surface of the fascia cruris. The 
deep surface of the muscle is entered and supplied by a small artery from the 
femoral artery given off just proximal to the hiatus tendineus, and the nerve 
supply appears to be derived from the tibial nerve (internal popliteal). 

References to this rare abnormality are to be found in the Journal of Anatomy 
and Physiology, vol. v1, 1872, p. 442, where specimens recorded by Griiber 
(1871) and Turner are described. Vol. xv of the same journal, 1881, p. 296, 
contains W. D. Halliburton’s case, in which mention is also made of the first 
recorded account of the variation by W. G. Kelch in 1813, as also of all three 
of Griiber’s cases. 

In the Anatomical Record, vol. v1, 1918, p. 8, J. Parsons Schaeffer describes 
an example of the muscle met with in the Yale Medical School during the 
session of 1911-12, and states that “Griiber, Halliburton, Kelech, Le Double, 
Testut, Turner, and others have observed supernumerary muscles of these 
regions.” He adds that “‘the cases in which additional muscles appear in the 
thigh and sural regions are not very common.” 

The anomalous digastric muscle observed in the thigh of a Chinese, de- 
scribed by Paul H. Stevenson in the Anatomical Record, vol. xx111, 1922, p. 281, 
does not appear to us to belong to the category of muscular variations here 
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dealt with, or if it does, it departs a good deal from the general type. He quotes 
Testut’s summary of the eight or nine distinctive types reported in the 
literature up to 1911, from which it would appear that muscular anomalies 
in this region are very rare, probably not more than 15 or 20 having been 


Long head of origin of the 
Biceps femoris. 
Intermuscular septum between 
the biceps and semitendinosus. 
Semitendinosus muscle, 
Fascia lata. 


Semimembranosus muscle, 
Artery to the abnormal muscle 
from the femoral. 


Tibial nerve. 





The M. Tensor fasciae suralis. 














——Origins of the gastrocnemius. 


Peroneal nerve. 
Fascia of the leg. 


Aponeurosis of insertion of the 
abnormal muscle. 


reported in the last century. The works of Testut and Le Double seem to 
suggest that when such abnormalities do occur, they are to be regarded as a 
reversion to the state of affairs found in many animals where the biceps femoris 
passes farther distally than it now does in man. 

A more extended reference to the comparative anatomy of variations of 
the hamstring region is to be found in an article by Klaatsch in the Anatomischer 
Anzeiger, vol. xxxvul, 1911, p. 805, together with the description of a similar 
abnormality met with in the Anatomy Department at Breslau, while F. Pardi’s 
Muscoli tensores fasciae cruris, published in Italy in 1909, apparently does the 
same, though this last has not been available to us in the original. 








REVIEW 


The Mammals of South Australia. By Prof. FrEpER1c Woop Jones, D.Sc. 
Part 1. The Monotremes and the Carnivorous Marsupials. (Adelaide, 
1928.) pp. 181, figs. 88. Price 4s. 


This most valuable contribution to our knowledge of the Australian 
mammals, is. issued as a “Handbook” by the South Australian Branch of 
the British Science Guild and published by favour of the Premier of South 
Australia—Sir Henry Barwell, K.C.M.G.—at the remarkably reasonable price 
of 4s. The author has given all students of Comparative Anatomy the best 
introduction yet written to the study of the mammalian fauna of the Australian 
continent; it is an original contribution in the true sense of the word. Prof. 
Wood Jones’s colleagues at home are familiar with the exquisitely finished 
drawings with which he illustrates his papers. In this “handbook” he has 
adorned his text with drawings which for accuracy, clearness and freedom of 
line are examples of what illustrations should be. Whether he is rendering 
the external features and attitude of the curious living forms described in 
his text, or representing the details of skull structure or depicting the salient 
features of an elaborate dissection he seems to be equally at home in each 
instance, 

We have mentioned the illustrations first, but they are only in keeping 
with an equally remarkable text. To do this justice would require an extensive 
review and involve pages of quotation. All the fundamental problems relating 
to the evolution of the various branches of the mammalian phylum are dis- 
cussed anew in the light of fresh evidence which is here put forth. We must 
remain content with this brief notice, merely advising all who are interested 
in the enigmatical fauna of Australia to take steps to procure a copy of this 
work by Prof. Wood Jones. 





INDEX 


Allis, Edward Phelps, Jr. Are the Polar and 
Trabecular cartilages of Vertebrate Embryos 
the pharyngeal elements of the Mandibular 
and Premandibular arches? 37 

— On the Homologies of the Skull of the 
Cyclostomata, 256 

Archenteric Canal, commencing, a human em- 
bryo with head-process and.. By Peter 
Thompson, M.D., and James C. Brash, M.A., 
M.D., B.Se., 1 

Arches, Mandibular and Premandibular, are 
the Polar and Trabecular cartilages of ver- 
tebrate Embryos the pharyngeal elements of ? 
By Edward Phelps Allis, Jr., 37 

Architecture, Muscular, of the Vertebrate 
Ventricle. By Ralph Faust Shaner, Ph.D., 59 

Articulation, Scapulo-humeral, mechanical con- 
siderations in. By Gordon Harrower, M.B., 
222 

von Arx, Max. Kérperbau und Menschwer- 
dung. Konstruktionspline, enthiillt durch 
eine Kausalanalyse der Menschlichen Beck- 
enform, Review, 280 

Atlas, abnormal. By R. H. Hunter, M.B., 140 

Azygos vein, lobe of. Note on two additional 
cases. By John Cairney, M.B., Ch.B. (N.Z.), 
54 


Baker, John R., B.A. (Oxon.) and P. D. F. 
Murray, B.Sc. (Sydney). An Hermaphrodite 
Dogfish (Scyliorhinus Canicula), 335 

Barry, D. and J. S. Bothroyd. Tensor Fasciae 
Suralis, 382 

Barry, D. T., D.Sc., F.R.C.S. and Evelyn 
Donegan, B.Sc. Malformation of the dia- 
phragm in a Dog, 266 

Bianchi, Professor Leonardi. Mechanism of the 
Brain and the Functions of the Frontal Lobe. 
Authorised translation from the Italian by 
James H. Macdonald, M.B., Ch.B., F.R.F.P.S. 
(Glas.). With a foreword by C. Lloyd Morgan, 
LL.D., D.Se., F.R.S. Review, 282 

Bifid Penis, note on a case of. By Alexander 
Lipschutz, 254 

Blastocyst of the dog. By O. van der Stricht, 
52 


Blood vessels and Heart in Felis Domestica, 
> of. By Katharine M. Watson, D.Sc., 
05 


Body, anterior end of the Neural Tube, and 
anterior end of the Body. By Raymond A. 
Dart, M.Sc., M.B., Ch.M., 181 

— height in Hindus, length of Long Bones and 
— proportion to. By Professor N. Pan, 


Bolk, L., M.D. On the hair slope in the frontal 
Tegion of man, 206 
Bones, Long, length of, and their proportion 
Me poly height in Hindus. By Professor N. 
an, 374 


Bones, method of preparing, to show Epiphyseal 
centres of Ossification. By J. Hamilton, 273 

Bothroyd, J. 8. and D. Barry. Tensor Fasciae 
Suralis, 382 

Boulgakoff, Boris, M.D. and Sydney Smith, 
M.D., D.P.H. A case of Polydactylia shewing 
certain Atavistic characters, 359 

Brash, James C., M.A., M.D., B.Sc. and 
Thompson, Peter, M.D. A human embryo 
with head-process and commencing Archen- 
teric canal, 1 

Brooke, R., L.R.C.P., M.R.C.S. The Sacro- 
Iliac Joint, 299 

Brown, Katharine Rounsfell. Hermaphrodi- 
tism in a Mole with male external genitals, 355 

Buxton, St J. D., M.B., B.S. (Lond.), F.R.C.S. 
(Eng.). A case of Diverticulum of the Je- 
junum, 


Cairney, John, M.B., Ch.B. (N.Z.). The lobe of 
the Azygos Vein. Note on two additional 
cases, 54 

Cartilages, Polar and Trabecular of Vertebrate 
Embryos, are they the pharyngeal elements 
of the Mandibular and Premandibular 
Arches? By Edward Phelps Allis, Jr., 37 

Ceratophrys, Observations on the Anatomy of 
the Heart, Lungs and related parts of Cera- 
tophrys. By A. Subba Rau, B.A., M.Sc. 
(Lond.), F.R.M.S., 306 

Colwell, Hector A., M.B. (Lond.), D.P.H. 
(Oxon.), Thomson, M. Sydney, M.A., M.D. 
(Cantab.), M.R.C.P. (Lond.), and Wakeley, 
Cecil P. G., F.R.C.S. (Eng.). The effects of 
X-Rays upon the skin of the Frog Tadpole, 
21 


Cyclostomata, homologies of the skull of. By 
Edward Phelps Allis, Jr., 256 


Dart, Raymond A., M.Sc., M.B., Ch.M. The 
anterior end of the Neural Tube and the 
anterior end of the Body, 181 

Derry, D. E., M.B., Ch.B, On the sexual and 
racial characters of the human ilium, 71 

Diaphragm in a Dog, malformation of. By 
D. T. Barry, D.Se., F.R.C.S., and Evelyn 
Donegan, B.Sc., 266 

Diverticulum of the Jejunum, case of. By 
St J. D. Buxton, M.B., B.S. (Lond.), F.R.C.S. 
(Eng.), 84 

Dog, Blastocyst of. By O. van der Stricht, 52 

—, malformation of the Diaphragm in. 

D. T. Barry, D.Sc., F.R.C.S., and Evelyn 
Donegan, B.Sc., 266 

Dogfish, Hermaphrodite (Scyliorhinus Cani- 
cula). By P. D. F. Murray, B.Sc. (Sydney), 
and John R. Baker, B.A. (Oxon.), 335 

Donegan, Evelyn, B.Sc., and D. T. Barry, 
D.Se., F.R.C.S. Malformation of the dia- 
phragm in a Dog, 266 








386 


Duodenum, abnormal, case of. By W. W. 
Wagstaffe, G.B.E., F.R.C.S., 178 


Edgeworth, F. H., M.D. On the masticatory, 
Intermandibular, and Hyoid muscles of 
Orycteropus Capensis, 134 

Elbow-joint, some features of. By A. Ralph 
Thompson, Ch.M., F.R.C.S., 368 

Embalming in the Tropics. By Gordon Har- 
rower, M.B., 142 

Embryo, human, with head-process and com- 
mencing Archenteric canal. By Peter Thomp- 
son, M.D., and James C. Brash, M.A., M.D., 
B.Sc., 1 

Embryos, Thick serial sections, Application of 
the Spalteholtz clearing method to the study 
of, with demonstration of specimens. By 
J. T. Wilson, M.B., F.R.S., 101 

—, Vertebrate, are the Polar and Trabecular 
cartilages of, the pharyngeal elements of the 
Mandibular and Premandibular Arches? By 
Edward Phelps Allis, Jr., 37 

Epiphyseal centres of Ossification, method of 
preparing Bones to show. By J. Hamilton, 
273 


Epiphysis, Bilateral, at the basal end of the 
second Metacarpal. By Cecil P. G. Wakeley, 
F.R.C.S. (Eng.), 340 


Feet and Hands, rare congenital malformation 
of. By J. S. Manson, M.D., 250 

Felis Domestica, origin of the Heart and Blood 
— in. By Katharine M. Watson, D.Sc., 

Foot and Tread Index, comparative study of. 
By Gordon Harrower, M.B., 285 

Frog Tadpole, effects of X-Rays upon the skin 
of. By Hector A. Colwell, M.B. (Lond.), 
D.P.H. (Oxon.), M. Sydney Thomson, M.A., 
M.D, (Cantab.), M.R.C.P. (Lond.), and Cecil 
P. G. Wakeley, F.R.C.S. (Eng.), 21 


Girgis, A., M.R.C.S. (Eng.), L.R.C.P., B.Sc. 
(Lond.). Another case of Hermaphroditism 
in man, 379 

Gladstone, R. J.,M.D., F.R.C.S. A note on the 
‘post-natal growth of the Kidney, Thyroid 
gland and Liver, 170 

Graafian Follicles, Polyovular, occurrence of. 
By Walter P. Kennedy, 328 

Growth, Post-natal, of the Kidney, Thyroid 
— and Liver. By R. J. Gladstone, M.D., 

-R.C.S., 170 


Hair slope in the frontal region of Man. By 
L. Bolk, M.D., 206 

Hamilton, J. A method of preparing bones to 
show Epiphyseal centres of Ossification, 273 

Hand, human, some points in the mechanism 
of. By T. 8, Kirk, B.A., M.B., 228 

Hands and Feet, rare congenital malformation 
of. By J. 8S. Manson, M.D., 250 

Harrower, Gordon, M.B. Embalming in the 
Tropics, 142 

— Mechanical considerations in the scapulo- 
humeral articulation, 223 

— A comparative Study of the Foot and Tread 
index, 285 


Index 


Heart and Blood vessels in Felis Domestica, 
origin of. By Katharine M. Watson, D.Sc., 
105 


—, Lungs and related parts of Ceratophrys, 
observations on the anatomy of. By A. 
Subba Rau, B.A., M.Sc. (Lond.), F.R.M.S., 


306 

Hermaphrodite Dogfish (Scyliorhinus Cani- 
cula). By J. D. F. Murray, B.Se. (Sydney), 
and John R. Baker, B.A. (Oxon.), 335 

Hermaphroditism in Man, another case of. By 
A. Girgis, M.R.C.S. (Eng.), L.R.C.P., B.Sc. 
({Lond.), 379 

— in a Mole with male external genitals. By 
Katharine Rounsfell Brown, 355 

Hindus, Length of Long Bones and their pro- 
portion to Body height in. By Professor N. 
Pan, 374 

Hunter, R. H., M.B. An abnormal Atlas, 140 

Hyoid, Masticatory, and Intermandibular 
muscles of Orycteropus Capensis. By F. H. 
Edgeworth, M.D., 134 


Tlium, Human, sexual and racial characters of. 
By D. E. Derry, M.B., Ch.B., 71 

Intermandibular, Masticatory, and Hyoid 
muscles of Orycteropus Capensis. By F. H. 
Edgeworth, 134 


Jejunum, case of Diverticulum of. By St J. D. 
Buxton, M.B., B.S. (Lond.), F.R.C.S. (Eng.), 
84 

Joint, Sacro-Iliac. By R. Brooke, L.R.C.P., 
M.R.C.S., 299 

Joints, the limitation of their range of move- 
ment, and an explanation of certain surgical 
conditions. By E. Joyce Partridge, F.R.CS., 
346 


Jones, Prof. Frederic Wood. The Mammals of 
South Australia. Part 1. The Monotremes 
and the Carnivorous Marsupials. Review, 384 


Kennedy, Walter P. The occurrence of Poly- 
ovular Graafian Follicles, 328 

Kidney, misplaced. By Professor N. Pan, 271 

— Thyroid gland and Liver, note on the post- 
natal growth of. By R. J. Gladstone, M.D., 
F.R.C.8., 170 

Kirk, T. S., B.A., M.B. Some points in the 
mechanism of the human Hand, 228 

Kuenzel, Wilhelmine, and T. Wingate Todd. 
The thickness of the Scalp, 231 

Kulchitsky, N., M.D. Nerve endings in muscles 
152 


Leptomeninges, Vital staining of. By H. H. 
oollard, 89 , 
Lipschutz, Alexander, Note on a case of Bifid 
Penis, 254 
Liver, Kidney and Thyroid gland, note on the 
st-natal growth of. By R. J. Gladstone, 
.D., F.R.C.S., 170 
Lungs, Heart, and related parts of Ceratophrys, 
observations on the Anatomy of. By A. Subba 
Rau, B.A., M.Sc. (Lond.), F.R.M.S., 306 


Malformation, congenital, of Hands and Feet. 
By J. 8. Manson, M.D., 250 





Index 


Man, hair m7 in the frontal region of. By 
L. Bolk, M.D., 206 

—, Hermaphroditism in, another case of. By 
A. Girgis, M.R.C.S. (Eng.), L.R.C.P., B.Sc. 
(Lond.,), 379 

Manson, J.S., M.D. Rare congenital Malforma- 
tion of Hands and Feet, 250 

Masticatory, Intermandibular, and Hyoid 
muscles of Orycteropus Capensis. By F. H. 
Edgeworth, M.D., 134 

Metacarpal, second, Bilateral Epiphysis at the 
basal end of. By Cecil P. G. Wakeley, 
F.R.C.8. (Eng.), 340 

Mole, Hermaphroditism in, with male external 
genitals. By Katharine Rounsfell Brown, 355 

Murray, P. D. F., B.Sc. (Sydney), and John R. 
Baker, B.A. (Oxon.). An Hermaphrodite 


Dogfish (Scyliorhinus Canicula), 335 
Muscles, Masticatory, Intermandibular, and 
Hyoid, of Orycteropus Capensis. By F. H. 
Edgeworth, M.D., 134 
— Nerve endings.in. By N. Kulchitsky, M.D., 
152 


Nat, B. S., M.B., Ch.B. The Scalenus Medius, 
268 . 

Nerve endings in Muscles. By N. Kulchitsky, 

.D., 152 

Neural Tube, anterior end of, and the anterior 
end of the Body. By Raymond A. Dart, 
M.Sc., M.B., Ch.M., 181 

Newman, Horatio Hackett. The Physiology 
of Twinning. Review, 88 


Obituary notice of Emeritus Professor Johnson 
Symington, M.D., F.R.C.S., LL.D., F.R.S. 
Portrait, 275 

Orycteropus Capensis, Masticatory, Inter- 
mandibular, and Hyoid muscles of. By 
F. H. Edgeworth, M.D., 134 

Ossification, Epiphyseal centres of, method of 
preparing Bones to show. By J. Hamilton, 
273 


Otocephaly, rudimentary. By J. A. Pires de 
Lima, M.D., 145 


Pan, Professor N. Misplaced Kidney, 271 
— Length of Long Bones and their proportion 
to Body height in Hindus, 374 
Partridge, E. Joyce, F.R.C.S. Joints. The 
limitation of their range of movement, and 
“= explanation of certain surgical conditions, 
46 


Penis, bifid, note on a case of. By Alexander 
Lipschutz, 254 

Pires de Lima, J. A., M.D. Rudimentary Oto- 
cephaly, 145 

Polydactylia, case of, shewing certain Atavistic 
characters. By Sydney Smith, M.D., D.P.H., 
and Boris Boulgakoff, M.D., 359 

Polyovular Graafian Follicles, occurrence of. 
By Walter P. Kennedy, 328 


Racial and sexual characters of the human 
Ilium. By D. E. Derry, M.B., Ch.B., 71 

Rau, A. Subba, B.A., M.Sc. (Lond.), F.R.M.S. 
Observations on the Anatomy of the Heart, 
Lungs and related parts of Ceratophrys, 306 


387 


Reviews. The Physiology of Twinning. By 
Horatio Hackett Newman, 88 

— X-Rays: Their origin, dosage and practical 
application. By W. E. Schall, B.Sc. (Lond.), 
F.Inst.P., 180 

— K6rperbau und Menschwerdung. Konstruk- 
tionspline, enthiillt durch eine Kausalan- 
alyse der Menschlichen Beckenform. By 
von Arx, Max, 281 

— Mechanism of the Brain and the Functions 
of the Frontal Lobe. By Bianchi, Professor 
Leonardi. Authorised translation from the 
Italian by James H. Macdonald, M.B., 
Ch.B., F.R.F.P.S. (Glas.). With a foreword 
ae Lloyd Morgan, LL.D., D.Sc., F.R.S., 

8 


— Hand Atlas of Human Anatomy. By Werner 
Spalteholz. Edited and translated from the 
7th German edition by Lewellys F. Barker, 
284 

— The Mammals of South Australia. Part 1. 

The Monotremes and the Carnivorous Mar- 

supials. By Prof. Frederic Wood Jones, 

D.Se., 384 


Sacro-Iliac Joint. By R. Brooke, L.R.C.P., 
M.R.C.S., 299 

Scalenus Medius. By B. S. Nat, M.B., Ch.B., 
268 

Scalp, thickness of. By J. Wingate Todd and 
Wilhelmine Kuenzel, 231 

Scapulo-humeral articulation, mechanical con- 
siderations in. By Gordon Harrower, M.B., 
222 


Schall, W. E., B.Sc. (Lond.), F.Inst.P. X-Rays: 
Their Origin, dosage and practical applica- 
tion. Review, 180 

Scyliorhinus Canicula, an Hermaphrodite Dog- 
fish. By P. D. F. Murray, B.Sc. (Sydney), 
and John R. Baker, B.A. (Oxon.), 335 

Sexual and racial characters of the human 
Ilium. By D. E. Derry, M.B., Ch.B., 71 

Shaner, Ralph Faust, Ph.D. On the muscular 
architecture of the Vertebrate ventricle, 59 

Skin of the Frog Tadpole, effects of X-Rays 
upon. By Hector A. Colwell, M.B. (Lond.), 
D.P.H. (Oxon.), M. Sydney Thomson, M.A., 
M.D. (Cantab.), M.R.C.P. (Lond.), and Cecil 
P. G. Wakeley, F.R.C.S. (Eng.), 21 

Skull of the Cyclostomata, homologies of. By 
Edward Phelps Allis, Jr., 256 

Smith, Sydney, M.D., D.P.H., and Boris Boul- 
gakoff, M.D. A case of Polydactylia shewing 
certain Atavistic characters, 359 

Spalteholz, Werner. Hand Atlas of Human 
Anatomy. Edited and translated from the 
7th German edition by Lewellys F. Barker. 
Review, 284 

— clearing method, application of, to the study 
of thick serial sections of Embryos, with 
demonstration of specimens. By J. T. Wil- 
son, M.B., F.R.S., 101 

Staining, vital, of the Leptomeninges. By 
H. H. Woollard, 89 

van der Stricht, O. The Blastocyst of the dog, 
52 

Symington, Johnson, M.D., F.R.C.S., LL.D., 
F.R.S. Obituary Notice, Portrait, 275 





388 


Tensor Fasciae Suralis. By D. Barry, and J. S. 
Bothroyd, 382 

Thompson, A. Ralph, Ch.M., F.R.C.S. Some 
features of the Elbow-joint, 368 

Thompson, Peter, M.D., and James C. Brash, 
M.A., M.D., B.Sc. A human embryo with 
head-process and commencing archenteric 


canal, 1 
Thomson, M. Sydney, M.A., M.D. (Cantab.), 


M.R.C.P. (Lond.), Colwell, Hector A., M.B. 
(Lond.), D.P.H. (Oxon.), and Wakeley, 
Cecil P. G., F.R.C.S. (Eng.). The effects of 
X-Rays upon the skin of the Frog Tadpole, 
21 


Thyroid gland, Kidney, and Liver, note on the 
st-natal growth of. By R. J. Gladstone, 
.D., F.R.C.S., 170 
Todd, T. Wingate, and Wilhelmine Kuenzel. 
The thickness of the scalp, 231 

Tread index of Foot, comparative study of. 
By Gordon Harrower, M.B., 285 

Tropics, Embalming in. By Gordon Harrower, 
M.B., 142 


Vein, Azygos, lobe of. Note on two additional 
cases. By John Cairney, M.B., Ch.B. (N.Z.), 
54 


Index 


Ventricle, vertebrate, muscular architecture of, 
By Ralph Faust Shaner, Ph.D., 59 


Wagstafie, W. W., C.B.E., F.R.C.S. Case of 
abnormal Duodenum, 178 

Wakeley, Cecil P. G., F.R.C.S.. (Eng.). Bi- 
lateral Epiphysis at the basal end of the 
second metacarpal, 340 

— Colwell, Hector A., M.B. (Lond.), D.P.H. 
(Oxon.), and Thomson, M. Sydney, M.A., 
M.D. (Cantab.), M.R.C.P. (Lond.). The 
effects of X-Rays upon the Skin of the Frog 
Tadpole, 21 

Watson, Katharine M., D.Sc. The origin of the 
heart and blood vessels in Felis Domestica, 105 

Wilson, J. T., M.B., F.R.S. On the application 
of the Spalteholtz clearing method to the 
study of thick serial sections of Embryos, 
with demonstration of specimens, 101 

Woollard, H. H. Vital staining of the Lepto- 
meninges, 89 


X-Rays, effects of, upon the skin of the Frog 
Tadpole. By Hector A. Colwell, M.B. (Lond.), 
D.P.H. (Oxon.), M. Sydney Thomson, M.A., 
M.D. (Cantab.), M.R.C.P. (Lond.), and Cecil 
P. G. Wakeley, F.R.C.S8. (Eng.), 21 


CAMBRIDGE: PRINTED BY W. LEWIS AT THE UNIVERSITY PRESS 








